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ABSTRACT
An enzyme l i n k e d  im m u n o so rb en t a s s a y  (ELISA) f o r  d e t e c ­
t i o n  o f  e i t h e r  N e z a ra  v i r i d u l a  (L .)  eg g  o r  nym phal p r o t e i n  
i n  th e  g u t  o f  p o t e n t i a l  p r e d a t o r s  was d e v e lo p e d . Through 
th e  u s e  o f  m o le c u la r  g e l  f i l t r a t i o n  s p e c i e s  s p e c i f i c  a n t ig e n s  
w ere  o b ta in e d  from  N. v i r i d u l a  eg g s  an d  nym phs. The ELISA 
d e v e lo p e d  f o r  e g g s  c o u ld  d e t e c t  7 .6  ng  o f  eg g  p r o t e i n  w h ile  
t h e  nym phal ELISA c o u ld  d e t e c t  122 ng  o f  th e  s e l e c t e d  nym phal 
p r o t e i n .
T h e re  w ere  27 s p e c i e s  o f  i n s e c t s  a n d  s p id e r s  r e p r e s e n t ­
in g  6 o r d e r s  a n d  15  f a m i l i e s ,  t e s t e d  f o r  b o th  egg  and  nym phal 
p r e d a t i o n  o v e r  2 g ro w in g  s e a s o n s  (1 977  a n d  1 9 7 8 ) . T h e re  
w ere  188( i n d i v i d u a l s  t e s t e d  f o r  e g g  p r e d a t i o n  and  1983 
t e s t e d  f o r  nym phal p r e d a t i o n .  The m o s t im p o r ta n t  p r e d a t o r  
s p e c i e s  w ere  d e te rm in e d  b y  a  c o m b in a t io n  o f  t h e i r  p o p u la t io n  
d e n s i t y  an d  t h e  r e s u l t s  o f  th e  ELISA . A com plex  c o n s i s t i n g  
o f  8 s p e c i e s  p lu s  C o c c in e l l i d a e  l a r v a e  a s  a  g ro u p  a c c o u n te d  
f o r  9 1 .4 #  o f  t h e  e g g  p r e d a t i o n  o v e r  th e  e n t i r e  1978 g row ing  
s e a s o n .  T h e se  s p e c i e s  w ere  G e o c o r is  p u n c t ip e s  (S a y ) ,  O riu s  
i n s i d i o s u s  ( S a y ) ,  C y c lo n e d a  s a n g u in e a  ( L . ) ,  C o le o m e g i l la  
m a c u la ta  l e n g i  T im b e r la k e ,  P o d is u s  m a c u l i v e n t r i s  ( S a y ) ,  
S o le n o p s i s  i n v i c t a  B u re n , R e d u v io lu s  r o s e i p e n n i s  ( R e u t e r ) ,  
a n d  L e b ia  a n a l i s  D e je a n .
Nymphal p r e d a t i o n  w as n o t  a s  e x t e n s i v e  a s  eg g  p r e d a t io n .  
A c o m b in a t io n  o f  p r e d a t o r s  c o n s i s t i n g  o f  a  com p lex  o f  8 
s p e c i e s  p lu s  t h e  C o c c in e l l i d a e  l a r v a e  a c c o u n te d  f o r  95*4# o f  
v i i
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the entire season's predation. The predators included 
were Oxyopes salticus Hentz, G. punctipes. P. maculiventris.
C. sanguine a, C. in. lengi, R. roseipennis, Phidippus audax 
(Hentz), and Neoscona arabesca (Walckenaer).
No one species could be considered a key predator of 
either eggs or nymphs. Predation had to be viewed in the 
context of a complex. The complex was shown not to be 
static but dynamic according to the time of year and 
species present in the agroecosystem.
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CHAPTER I
Development of an Enzyme Linked Immunosorbent 
Assay (ELISA) for Determining the Predators of 
Nezara viridula (L.) Eggs and Nymphs
1
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INTRODUCTION
P r e d a t o r s  a r e  o f t e n  th o u g h t  t o  p l a y  a  m a jo r  r o l e  i n  
r e d u c in g  p e s t  p o p u la t io n s  i n  a n  a g ro e c o s y s te m . Many p e s t  
c o n t r o l  s t r a t e g i e s  a d v o c a te  t h e  p r e s e r v a t i o n  o f  p r e d a t o r s  f o r  
a s  lo n g  a s  p o s s i b l e  d u r in g  th e  g ro w in g  s e a s o n  t o  a i d  i n  th e  
s u r p r e s s i o n  o f  p e s t s .  T h e re  a r e  num erous ways t o  a s s e s s  t h e  
v a lu e  o f  p r e d a t o r s  i n c lu d in g  d i r e c t  o b s e r v a t io n ,  r a d i o l a b e l i n g  
o f  p r e y ,  a n d  s e r o l o g i c a l  t e c h n iq u e s .  S e ro lo g y  h a s  s e v e r a l  
a d v a n ta g e s  o v e r  t h e  o th e r s  s in c e  i t  i s  r e l a t i v e l y  r a p i d ,  u s e s  
p r e d a t o r s  d i r e c t l y  fro m  t h e i r  h a b i t a t  w i th o u t  h a v in g  t o  r e l e a s e  
l a b e l e d  p r e y ,  an d  i t  p o s s e s s e s  e x c e l l e n t  s e n s i t i v i t y  i n  t h a t  
v e ry  s m a l l  am oun ts  o f  p r e y  m a t e r i a l  w i t h i n  t h e  p r e d a t o r 1s g u t  
c a n  be  d e t e c t e d .  Boreham  an d  O h iag u  (1 9 7 8 ) r e v ie w e d  s e r o l o g ­
i c a l  te c h n iq u e s  u s e d  f o r  t h e  a n a l y s i s  o f  i n v e r t e b r a t e  p r e d a t o r  
p r e y  s y s te m s . S e n s i t i v i t y  an d  s p e c i f i c i t y  w ere  c i t e d  a s  m a jo r  
p ro b le m s  e n c o u n te r e d  by  many p r e v io u s  i n v e s t i g a t o r s .  The m o s t 
common s e r o l o g i c a l  t e c h n iq u e  u s e d  h a s  b e e n  th e  p r e c i p i t i n  t e s t  
o r  a  s l i g h t  m o d i f i c a t i o n  o f  t h i s  a s s a y .  The p r e c i p i t i n  t e s t  
i s  a t  b e s t  c ru d e  an d  i n s e n s i t i v e .  T h e re  a r e  a s s a y s  a v a i l a b l e  
w h ich  a r e  m ore r e f i n e d  a n d  w i l l  y i e l d  m ore r e l i a b l e  d a t a .  
G re e n s to n e  (1 9 7 7 ) u s e d  a  p a s s iv e  h e m a g g lu t in a t io n  i n h i b i t i o n  
a s s a y  t o  q u a n t i t a t i v e l y  a s s e s s  p r e d a t i o n  by  th e  s p i d e r  P a r d o s a  
r a m u lo s a  (McCook) on  3 i n s e c t  s p e c i e s ,  T r i c h o c o r i z a  r e t i c u l a t a  
( G u e r in - M e n e v i l l e ) , E p h y d ra  r i p a r i a  F a l l e n ,  an d  A edes d o r s a l i s  
(M e ig e n ) , o c c u r in g  i n  a  s a l t  m a rsh  e c o s y s te m . F i c h t e r  a n d  
S te p h e n  (1 9 7 9 ) r e p o r t e d  on  th e  a n t i g e n  s e l e c t i o n  a n d  
2
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3d e v e lo p m en t o f  an  enzym e l i n k e d  im m unoso rben t a s s a y  (ELISA) 
f o r  u s e  i n  d e t e r m in in g  p r e d a t io n  on th e  D o u g la s - f i r  tu s s o c k  
m o th , O rg y ia  p s e u d o ts u g a t a  M cDannough. T h e re  h a s  b e e n  l i t t l e  
w o rk , e x c e p t  w i th  p r e c i p i t i n  t e s t s ,  i n  p r e d a t o r  s t u d i e s  on 
a n n u a l  row c r o p s .  E x te n s iv e  w ork  h a s  b e e n  done i n  L o u is ia n a  
on t h e  p r e d a t o r s  o f  t h e  s o u th e r n  g r e e n  s t i n k  bug (SGSB), 
N e z a ra  v i r i d u l a  ( L . ) i n  s o y b e a n s , u s in g  te c h n iq u e s  o th e r  th a n  
s e r o lo g y  (S tam  1 9 7 8 ) . T h is  s tu d y  was i n i t i a t e d  t o  d e v e lo p  
a  s e r o l o g i c a l  a s s a y  w h ic h  w i l l  g iv e  a  q u a n t i t a t i v e  m easu re  
o f  t h e  im p a c t o f  t h e  p r e d a t o r  com plex  on th e  SGSB. The 
o b j e c t i v e s  w ere  t o  f i r s t  s e l e c t  tw o a n t i g e n s ,  one from  n o n -  
e m b ry o n a ted  eg g s  an d  one from  th e  nym phal s t a g e  o f  t h e  SGSB, 
w h ich  w ere s p e c i e s  s p e c i f i c  an d  s e c o n d ly ,  t o  d e v e lo p  a  
s u f f i c i e n t l y  s e n s i t i v e  ELISA.
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MATERIALS AND METHODS
A n tig e n  p u r i f i c a t i o n
The m ost d i f f i c u l t  p ro b le m  t o  overcom e was t h e  s e l e c t ­
i o n  o f  a  nym phal a n t ig e n  w h ich  w o u ld  n o t  c r o s s  r e a c t  w i th  
t h e  SGSB e g g s ,  w i th  th e  p r e d a t o r s ,  o r  o th e r  p o t e n t i a l  p r e y  
s p e c i e s .  To p ro d u c e  th e  nym phal a n t i g e n ,  25 g  o f  f i e l d  
c o l l e c t e d  5 th  i n s t a r  nym phs, w h ich  w ere  f a s t e d  ^8 h  t o  
em pty  th e  i n t e s t i n e  o f  p l a n t  m a t e r i a l ,  w ere  m a c e ra te d  i n  
100 ml o f  0 .0 1  M p h o s p h a te  b u f f e r e d  s a l i n e  ( 0 .1 5  M N aCl)
(P B S ), pH 7 .2 ,  w ith  0 .0 1 $  p h e n y l th io u r e a  (PTU ). The c ru d e
s u s p e n s io n  was e x t r a c t e d  12 h  a t  ^°C , th e n  c e n t r i f u g e d  a t  
o
1 2 1 ,0 0 0  x  g f o r  1 h  a t  b  C w h ich  p e l l e t e d  th e  c e l l u l a r  
m a t e r i a l  and  buoyed  th e  l i p i d .  The aq u e o u s  l a y e r  was rem oved 
an d  f i l t e r e d  th ro u g h  a  0 .^ 5  U s t e r i l e  f i l t e r  an d  s t o r e d  a t  
^°C . A 5 m l a l i q u o t  o f  t h i s  s u s p e n s io n  was in c u b a te d  2b  h  
w i th  100 ug  b o v in e  p a n c r e a t i c  DNAase I  (S igm a C h em ica l C o .,
S t .  L o u is ,  M0) w h ile  d i a l y z i n g  a g a i n s t  b  1 o f  PBS. The 
sam p le  was th e n  a p p l i e d  t o  a  1 .5  x  85 cm 6B-C1 S e p h a ro s e  
colum n (P h a rm a c ia  F in e  C h e m ic a ls , P is c a ta w a y ,  N J) an d  e l u t e d  
a t  a  f lo w  r a t e  o f  2 .7 5  m l/m in  w i th  PBS. The p r o t e i n  was 
c o l l e c t e d  i n  75 d ro p  f r a c t i o n s  an d  r e a d  s p e c t r o p h o to m e t r i c a l l y  
a t  280 nm w i th  a n  i n - l i n e  LKB 8300 U v ic o rd  I I  co lum n m o n i to r .  
F r a c t i o n s  o f  i n d i v i d u a l  p e a k s  w ere  p o o le d  ( F ig .  1 ) ,  d ia ly z e d  
a g a i n s t  tw o b  1 c h a n g es  o f  d i s t i l l e d  w a te r  a n d  l y o p h i l i z e d .
The eg g  a n t ig e n  was p r e p a r e d  fro m  n o n -e m b ry o n a te d  e g g s ,  
i . e .  eg g s  l a i d  w i th i n  12 h  o f  c o l l e c t i o n ,  fro m  a  l a b o r a t o r y
b
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5F ig u r e  1 . The e l u t i o n  p r o f i l e  o f  5 m l o f  DNAase t r e a t e d  
c ru d e  5 th  i n s t a r  N. v i r i d u l a  a n t ig e n  w hen 
a p p l i e d  t o  a  1 .5  x  85 cm S e p h a ro s e  6B-C1 colum n 
a t  a  f lo w  r a t e  o f  2 .7 5  m l/m in .
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7c o lo n y  o f  SGSB. Ten g  o f  eg g s  w ere s u s p e n d e d  i n  100 m l o f  PBS 
w i th  0 ,0 1 $  PTU an d  g ro u n d  i n  a  t i s s u e  h o m o g e n iz e r . T h is  
c ru d e  s u s p e n s io n  was e x t r a c t e d  f o r  12 h  a t  ^ °C , c e n t r i f u g e d  
a s  a b o v e , a n d  d i a ly z e d  f o r  2b  h  a g a i n s t  d i s t i l l e d  w a te r  th e n  
ly o p h i l i z e d .  A 300 mg sam p le  o f  t h i s  m a t e r i a l  was r e s u s p e n d ­
ed  i n  10 m l o f  d e i o n iz e d  w a te r  and  d i a ly z e d  12 h  a g a i n s t  PBS 
a t  ^ °C . The eg g  s u s p e n s io n  was a p p l i e d  t o  a  6B-C1 S e p h a ro s e  
co lum n an d  e l u t e d  a s  a b o v e . E ach  p e a k  ( P ig .  2) was c o l l e c t e d  
an d  th e  f r a c t i o n s  d i a l y z e d  12 h  a g a i n s t  d i s t i l l e d  w a te r  and  
l y o p h i l i z e d .
S e v e r a l  o th e r  s p e c i e s  o f  i n s e c t s ,  b o th  p r e d a t o r s  an d  
o t h e r  p e n ta to m id s ,  w h ich  m ig h t c r o s s  r e a c t  w i th  SGSB a n t i g e n s ,  
w e re  e x t r a c t e d .  The s p e c i e s  in c lu d e d  w ere  t h e  p e n ta to m id s  
A e ro s te rn u m  h i l a r e  (S ay )  a n d  E u s c h i s tu s  s e r v u s  ( S a y ) , an d  th e  
p r e d a t o r s  G e o c o r is  p u n o t ip e s  ( S a y ) ,  C o le o m e g i l la  m a c u la ta  
l e n g i  T im b e r la k e ,  an d  C y c lo n e d a  s a n g u in e a  ( L . ) .  E a ch  s p e c i e s  
was e x t r a c t e d  i n  t h e  same m anner a s  t h e  SGSB nym phs.
A l l  t h e  e x t r a c t e d  m a t e r i a l ,  when i n  f i n a l  l y o p h i l i z e d  
fo rm , was a s s a y e d  f o r  p r o t e i n  c o n t e n t  u s in g  t h e  p r o c e d u r e  o f  
Low ry e t  a l .  (1 9 5 1 ) .
A n tib o d y  p r o d u c t io n  a n d  a n t i g e n  s e l e c t i o n
A n t ib o d ie s  w ere  p ro d u c e d  i n  New Z e a la n d  W h ite  r a b b i t s  
by  i n j e c t i n g  p r o t e i n  m ixed  1 :1  w i th  F r e u n d 1 s c o m p le te  a d ju v a n t  
(FCA) (D if c o  L a b o r a to r i e s  I n c . ,  D e t r o i t ,  MI) i n  0 .5  m l i n c r e ­
m en ts  i n t o  e a c h  a x i a l  a n d  i n g u i n a l  lym ph n o d e s .  A se ru m  was 
p ro d u c e d  b y  p o o l in g  e x t r a c t s  o f  t h e  p r e d a t o r s  an d  t h e  2 
p e n ta to m id s  d e s c r i b e d  a b o v e , i n t o  a  s i n g l e  m ix tu r e  o f  p o s s i b l e
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F ig u r e  2 . The e u l t i o n  p r o f i l e  o f  c ru d e  N. v i r i d u l a  egg  
p r o t e i n  (300  mg) w hen a p p l i e d  t o  a  1 .5  x  85 
cm S e p h a ro s e  6B-C1 colum n a t  a  f lo w  r a t e  o f
2 .7 5  m l/m in .
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c r o s s  r e a c t i n g  a n t i g e n s .  One mg o f  p r o t e i n  from  e a c h  s p e c i e s  
was p la c e d  i n t o  1 m l o f  0„15  M NaCl an d  e m u l s i f i e d  w i th  1 ml 
o f  FCA an d  i n j e c t e d  a s  ab o v e . A n o th e r  i d e n t i c a l  i n j e c t i o n  
was g iv e n  on  d ay  21 e x c e p t  i t  was e m u l s i f i e d  w i th  in c o m p le te  
F r e u n d 's  a d j u v a n t .  The r a b b i t  was e x s a n g u in a te d  on  d ay  28 
i f  t h e r e  was a  s u f f i c i e n t  t i t e r .
The serum  p ro d u c e d  a g a i n s t  t h i s  c r o s s  r e a c t i n g  a n t ig e n  
p o o l  was u s e d  i n  t h e  s e l e c t i o n  o f  t h e  s p e c i e s  s p e c i f i c  a n t i ­
g en s  o f  t h e  SGSB. Two d im e n s io n a l  im m u n o e le c tro p h o re s is  was 
u s e d  i n  m ak ing  t h i s  s e l e c t i o n .  E ach  i n d i v i d u a l  p e a k  f r a c t i o n ­
a t e d  from  th e  6B-C1 S e p h a ro s e  co lum n ru n s  o f  nymph an d  egg  
p r o t e i n  was t e s t e d  f o r  s p e c i f i c i t y .  A 10 m g/m l s o l u t i o n  o f  
th e  s e l e c t e d  p r o t e i n  was m ade. F i f t e e n  u l  o f  t h i s  s o l u t i o n  
w ere  p la c e d  i n t o  a  3 mm d ia m e te r  w e l l  c u t  i n  a  2 mm t h i c k ,
10 x 10 cm Vfo a g a ro s e  s l a b  g e l .  E a ch  b u f f e r  t a n k  h e l d  750 
ml o f  0 .0 2 5  M b a r b i t a l  b u f f e r ,  pH 8 .6 .  The c o n n e c t io n  from  
th e  g e l  t o  th e  b u f f e r  was made b y  p l a c i n g  a  1 mm t h i c k  p a p e r  
w ic k  w h ich  e x te n d e d  t h e  l e n g t h  o f  t h e  g e l .  V o lta g e  was 
a p p l i e d  a t  a  c o n s t a n t  10 v /cm  f o r  1 h . A f t e r  e l e c t r o p h o r e s i s ,  
a  2 x  10 cm s t r i p  o f  g e l  c o n t a in i n g  th e  s e p a r a t e d  p r o t e i n  
was rem oved an d  p la c e d  on a  c l e a n  g l a s s  p l a t e .  A g a ro se  
c o n t a in i n g  0 .5  m l o f  serum  made a g a i n s t  t h e  c r o s s  r e a c t i n g  
p o o l  o f  a n t ig e n s  was p o u re d  on th e  r e m a in in g  8 x  10 cm s e c t i o n  
o f  t h e  g l a s s  p l a t e .  A f t e r  c o o l in g ,  a  6 x  10 cm s t r i p  o f  g e l  
w as rem oved l e a v in g  a  2 x  10 cm s t r i p  f u s e d  t o  t h e  g e l  c o n t a in ­
in g  th e  s e p a r a t e d  p r o t e i n .  F i n a l l y ,  a n o th e r  b a n d  o f  a g a ro s e  
c o n t a in i n g  0 .5  m l o f  serum  made a g a i n s t  th e  s e p a r a t e d  p r o t e i n
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was p o u re d  on th e  r e m a in in g  6 x  10 cm o f  t h e  p l a t e .  A f t e r  
c o n n e c t in g  th e  g e l  t o  th e  b a r b i t a l  b u f f e r ,  pH 8 .6 ,  w i th  th e  
p a p e r  w ic k s ,  t h e  c u r r e n t  was a p p l i e d  f o r  1 h  a t  a  c o n s ta n t  
10 v /cm  a t  r ig h b  a n g le s  t o  t h e  1 s t  d im e n s io n .  I f  t h e  s e p a ­
r a t e d  p r o t e i n  was s p e c i e s  s p e c i f i c ,  t h e n  no  p r e c i p i t i n  l i n e s  
w ou ld  fo rm  i n  th e  c e n t e r  s t r i p  c o n t a in i n g  th e  serum  made to  
th e  c r o s s  r e a c t i n g  p o o l  o f  a n t i g e n s ,  b u t  w ou ld  i n  t h e  l a s t  
s t r i p  c o n t a in i n g  se ru m  made a g a i n s t  t h e  t e s t  p r o t e i n .  To 
en h a n c e  th e  p r e c i p i t i n  l i n e s ,  p l a t e s  w ere  s t a i n e d  w i th  coom - 
m a s s ie  b lu e  by  t h e  p ro c e d u re  o u t l i n e d  by  Weeke ( 1 9 7 3 )-  
P r o c e d u r e  f o r  th e  ELISA t e s t
ELISA r e q u i r e s  p u r i f i e d  a n t ib o d y ,  s p e c i f i c a l l y  immuno­
g l o b u l i n  G ( Ig G ) .  IgG  was s e p a r a t e d  fro m  th e  serum  b y  s e ­
l e c t i v e  p r e c i p i t a t i o n  p ro d u c e d  b y  a d d i t i o n  o f  c a p r y l i c  a c i d  
t o  w ho le  serum  ( S te in b a c h  an d  A u d ran  1 9 6 9 ) .
The ELISA was p e r fo rm e d  i n  p o ly s ty r e n e  m i c r o t i t e r  p l a t e s  
(D y n a te c h  L a b o r a to r i e s  I n c . ,  A le x a n d r i a ,  VA). P l a t e s  w ere  
c o a te d  w i th  u n l a b e l e d  IgG  a t  a  c o n c e n t r a t i o n  o f  100 u g /m l i n  
0 .0 6  M c a r b o n a te  b u f f e r ,  pH 9 . 6 . The w e l l s  w ere  f i l l e d  w i th  
200 u l  o f  t h i s  s o l u t i o n ,  s e a l e d ,  a n d  in c u b a te d  f o r  6 h  a t  
37°C th e n  p l a c e d  o v e r n i g h t  i n  t h e  c o l d  a t  *f°C. B e fo re  u s e  
p l a t e s  w ere  w ash ed  3 t im e s  w i th  0 .0 1  M t r i s - ( h y d r o x y m e th y l )  
am in o m e th an e , pH 7 .2 ,  w i th  0 .1 $  T w een-20  (TT) b u f f e r ,  by  
f i l l i n g  e a c h  w e l l  t o  c a p a c i t y  w i th  a  C o rn w a ll s y r i n g e ,  w i th  
a t  l e a s t  3 m in  b e tw e e n  w a s h e s .
A n tig e n  was a p p l i e d  i n  th e  TT b u f f e r  a n d  in c u b a te d  a t
o
37 C f o r  2 h .  N e g a t iv e  c o n t r o l s  w e re  w e l l s  f i l l e d  w i th  j u s t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
TT b u f f e r  w h ich  c o n t a in e d  1 m g/m l o f  b o v in e  serum  a lb u m in  
(BSA) (S igm a C h em ica l C o .,  S t .  L o u is ,  MO). A l l  o th e r  p r o ­
c e d u re s  f o r  t h e  n e g a t iv e  c o n t r o l s  w ere  th e  sam e. H om ologous 
a n t ig e n s  f o r  t i t e r  d e t e r m i n a t io n s  w ere  a t  a n  i n i t i a l  c o n c en ­
t r a t i o n  o f  1 mg p r o t e i n / m l .  Two f o l d  d i l u t i o n s  w ere  made 
d i r e c t l y  i n  t h e  w e l l s  w i th  TT b u f f e r .  The p l a t e s  w ere  w ashed  
an d  th e n  f i l l e d  w i th  200 u l  o f  c o n ju g a te d  IgG , w h ich  i s  IgG 
w i th  th e  enzym e h o r s e r a d i s h  p e r o x id a s e  (HRPO) ty p e  VI (S igm a 
C h em ica l C o .,  S t .  L o u is ,  MO) bound  t o  i t .  C o n ju g a t io n  o f  
HRPO t o  IgG w as a c c o m p lis h e d  b y  fo rm in g  a  S c h i f f ' s  b a s e  b e tw e en  
th e  t e r m in a l  am ino g ro u p s  on th e  IgG  an d  a d j a c e n t  h y d ro x y  
g ro u p s  o c c u r r i n g  on a  n o n - f u n c t io n a l  c a r b o h y d r a te  m o ie ty  on 
HRPO, i n  t h e  p r e s e n c e  o f  NalOjj, (N akane a n d  K aw aoi 1 9 7 ^ ) .  To 
m in im iz e  n o n - s p e c i f i c  a b s o r p t i o n , BSA a t  a  c o n c e n t r a t i o n  o f  10 
mg/m l was a d d e d  t o  t h e  c o n ju g a te  s o l u t i o n  made up  i n  TT b u f f e r .  
The c o n ju g a te  f i l l e d  p l a t e s  w ere  s e a l e d  a n d  in c u b a te d  a t  
3 7 °C f o r  3 h .  A f t e r  i n c u b a t i o n  an d  a  th o ro u g h  w a s h in g , 
p l a t e s  w ere  f i l l e d  w i th  200 u l  o f  s u b s t r a t e  s o l u t i o n  an d  
in c u b a te d  a t  room  te m p e r a tu r e  i n  t h e  d a r k  f o r  30 m in . The 
s u b s t r a t e  w as a  f r e s h  s o l u t i o n  o f  o -p h e n y le n e d ia m in e  (100  
u g /m l)  i n  d i s t i l l e d  w a te r  i n  t h e  p r e s e n c e  o f  H2 O2 . The
s u b s t r a t e  was p r e p a r e d  b y  a d d in g  1 m l o f  a  10 m g/m l s o l u t i o n
o f  o -p h e n y le n e d ia m in e  i n  a b s o lu t e  m e th a n o l t o  99 ml o f  
d i s t i l l e d  w a te r  t o  w h ich  100 u l  o f  3$ ^-2^2 was a<3-d e -^» The 
r e a c t i o n  b e tw e e n  th e  enzym e a n d  i t s  s u b s t r a t e  was s to p p e d  b y  
a d d in g  30 u l  o f  8 N H2S0zj, t o  e a c h  w e l l .  The c o l o r e d  p r o d u c t
fo rm ed  b y  h y d r o l y s i s  o f  t h e  s u b s t r a t e  b y  t h e  enzym e was
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r e a d  s p e c t o p h o to m e t r i c a l l y  a t  ^90 nm.
P r e d a t o r  f e e d in g  s tu d y
P r e d a t o r s  w ere  c o l l e c t e d  fro m  th e  f i e l d  d u r in g  th e  1978 
g ro w in g  s e a s o n  from  E r w i n v i l l e ,  LA an d  r e t u r n e d  t o  th e  l a b ­
o r a t o r y  f o r  f e e d in g  t r i a l s .  A f t e r  f a s t i n g  th e  p r e d a t o r  f o r  
^8  h ,  e i t h e r  an  eg g  m ass o r  a  nymph o f  l a b o r a t o r y  r e a r e d  
SGSB w ere  p la c e d  i n  a  50 x  12 mm p e t r i  d i s h  w i th  a  s in g l e  
p r e d a t o r .  P r e d a t o r s  w ere  o b s e rv e d  h o u r ly  u n t i l  f e e d in g  
o c c u r r e d .  A f t e r  c o m p le t in g  t h e  m eal p r e d a t o r s  w ere  k i l l e d  
a t  s e l e c t e d  i n t e r v a l s ,  p r e s e r v e d  an d  th e n  a s s a y e d  f o r  t h e  
p r e s e n c e  o f  SGSB p r o t e i n  t o  d e te rm in e  th e  r a t e  o f  d i g e s t i o n  
o f  t h e  a n t i g e n .  D a ta  w ere  a l s o  c o l l e c t e d  on th e  f r e q u e n c y  
o f  f e e d i n g ,  t o  s e e  i f  a  s i g n i f i c a n t  gap  e x i s t e d  b e tw e e n  
d e t e c t i o n  tim e  an d  th e  w i l l i n g n e s s  t o  a c c e p t  a n o th e r  m e a l.
F ed  p r e d a t o r s  w ere  k e p t  f o r  lo n g  te rm  s to r a g e  a s  sm ea rs  
on  f i l t e r  p a p e r .  S m a l le r  p r e d a t o r s  w ere sm ea red  w hole w h ile  
l a r g e r  p r e d a t o r s  h ad  t h e i r  d i g e s t i v e  t r a c t s  rem oved . The 
f i l t e r  p a p e rs  w ere  s t o r e d  a t  room te m p e ra tu r e  i n  a  d e s i c c a t o r  
o v e r  a n h y d ro u s  c a lc iu m  c h l o r i d e .  I n  o r d e r  t o  u s e  t h e  sm ea r 
i n  t h e  EI^ISA t e s t ,  t h e  s p o t  on th e  f i l t e r  p a p e r  w hich  co n ­
t a i n e d  t h e  p r e d a t o r  was c u t  o u t ,  p la c e d  i n  a  tu b e  w i th  0 .8  
m l o f  TT b u f f e r  an d  e x t r a c t e d  f o r  12 h  a t  V c .  A 200 u l  
s am p le  was th e n  p la c e d  d i r e c t l y  i n t o  a  IgG  c o a te d  w e l l  o f  a  
m i c r o t i t e r  p l a t e  an d  in c u b a te d  a s  ab o v e .
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A n tig e n  s p e c i f i c i t y  t e s t s
When th e  c ru d e  w ho le  body e x t r a c t  o f  5 th  i n s t a r  SGSB 
nymphs was u s e d  a s  th e  t e s t  p r o t e i n  i n  th e  2 -d im e n s io n a l  
Im m u n o e le c tro p h o re s is  a s s a y ,  e x t e n s iv e  c r o s s  r e a c t i o n  was 
s e e n  i n  th e  c e n t e r  b an d  o f  g e l  c o n t a in i n g  th e  serum  made 
a g a i n s t  th e  c r o s s  r e a c t i n g  p o o l  o f  a n t i g e n s .  T h is  show ed how 
i n e f f e c t i v e  a  s e r o l o g i c a l  a s s a y  ca n  be  i f  c a re  i s  n o t  t a k e n  
t o  s e l e c t  a  p r o p e r  a n t i g e n .  I t  shows why i n j e c t i o n  o f  w hole 
body  e x t r a c t s  o f  i n s e c t s  g e n e r a l l y  w i l l  g iv e  p o o r  r e s u l t s  
from  th e  s t a n d p o i n t  o f  c r o s s  r e a c t i o n .  P r e l i m in a r y  r e s u l t s ,  
i n  a n  a t te m p t  t o  i s o l a t e  a  s p e c i e s  s p e c i f i c  a n t ig e n ,  i n ­
d i c a t e d  t h a t  much o f  t h i s  c r o s s  r e a c t i o n  was due t o  com ponen ts  
fo u n d  i n  th e  hem olym ph. G re e n s to n e  (1977 ) i n d i c a t e d  th e  
r e v e r s e ,  h o w ev er, i n  t h a t  u s e  o f  hem olymph i n  h i s  sy s te m  
gave a  r e d u c t io n  i n  c r o s s  r e a c t i v i t y .  T h is  anom aly  may be 
e x p la in e d  by  th e  d e g re e  o f  r e l a t e d n e s s  among p r e d a t o r s  and  
p r e y .  Some w ork  h a s  b e e n  done w i th  s e r o lo g y  i n  ta x o n o m ic  
s tu d i e s  (L eone 1947) w h ich  shows a s  th e  d e g re e  o f  r e l a t e d ­
n e s s  i n c r e a s e s  so  d o es  th e  am ount o f  r e a c t i o n  one o b ta in s  
s e r o l o g i c a l l y .  G re e n s to n e  (1 9 7 7 ) u s e d  o n ly  one p r e d a t o r ,  
a  s p i d e r ,  t o  d e t e c t  3 p r e y  s p e c i e s .  The SGSB p r e d a t o r -  
p r e y  sy s te m  in c lu d e s  s e v e r a l  m em bers o f  th e  same o r d e r  
(H e m ip te ra )  a s  p r e d a t o r s  an d  e v e n  one p r e d a t o r  i n  t h e  same 
f a m i ly .
DNAase was a d d e d  t o  th e  c ru d e  nym phal e x t r a c t  b e f o r e  
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a p p ly in g  i t  t o  th e  6B-C1 S e p h a ro s e  colum n t o  rem ove th e  
m a t e r i a l  w h ich  s t r o n g l y  a b s o rb e d  a t  280 nm an d  m asked m ost 
o f  p e a k s  I I I  an d  IV  ( F ig .  1 ) .  P eak  IV  p ro v e d  t o  b e  a  
s i n g l e  s p e c i e s  s p e c i f i c  p r o t e i n  when a s s a y e d  b y  2 - d im e n s io n a l  
im m u n o e le c tro p h o re s i s .  V ery  l i t t l e  o f  t h i s  s p e c i e s  s p e c i f i c  
p r o t e i n ,  a b o u t 15  mg, was p u r i f i e d  and  th e  m a j o r i t y  o f  t h a t  
was u s e d  i n  a n t ib o d y  p r o d u c t io n .  P eak  I I I  c o n ta in e d  a  s m a ll  
am ount o f  t h i s  p r o t e i n  an d  b e c a u s e  o f  th e  a b u n d a n ce  o f  p ea k  
I I I  m a t e r i a l  i t  was u s e d  i n  a l l  t i t e r  d e t e r m i n a t io n s .  The 
tu b e  p r e c i p i t i n  t i t e r  o f  th e  serum  p ro d u c e d  i n  a  r a b b i t  i n ­
j e c t e d  w i th  p e a k  IV  p r o t e i n  a n d  u s in g  a  1 mg p r o t e i n / m l  
s o l u t i o n  o f  p e a k  I I I  i n  th e  n e a t  tu b e  was 1 :2 5 6 . Any serum  
p ro d u c e d  t o  an y  a n t ig e n  o f  t h e  SGSB gav e  low  p r e c i p i t i n  
t i t e r s ,  y e t  p e r fo rm e d  a d e q u a te l y  i n  th e  ELISA.
A serum  p ro d u c e d  a g a i n s t  t h e  c ru d e  eg g  e x t r a c t  c r o s s  
r e a c t e d  s l i g h t l y  w i th  w ho le  bod y  nym phal a n t i g e n .  U s in g  
p r o t e i n  c o n ta in e d  i n  p e a k  I I  ( F ig .  2) from  th e  6B-C1 S ep h -  
a r o s e  colum n s e p a r a t i o n  o f  eg g  p r o t e i n  a s  t h e  a n t i g e n ,  
a l l e v i a t e d  a l l  c r o s s  r e a c t i o n  i n  t h e  s u b s e q u e n t  serum  when 
a s s a y e d  w i th  2 - d im e n s io n a l  im m u n o e le c t ro p h o re s i s .
D evelopm en t o f  t h e  ELISA t e s t
An ELISA t e s t  f o r  e a c h  o f  th e  SGSB p r o t e i n s  gav e  e x c e l ­
l e n t  r e s u l t s .  A d u a l  beam s p e c t r o p h o to m e te r  w as u s e d  i n  
q u a n t i f y in g  s u b s t r a t e  c h a n g e . A s m a l l  am ount o f  n o n ­
s p e c i f i c  a b s o r p t i o n  o f  t h e  c o n ju g a te d  IgG  o c c u r r e d ,  b u t  t h i s  
e r r o r  was c a n c e l l e d  b y  th e  s p e c t r o p h o to m e te r  b y  u s in g  th e  
com bined  c o n t e n t  o f  s e v e r a l  n e g a t iv e  c o n t r o l  w e l l s  i n  th e
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r e f e r e n c e  c e l l .  The u s e a b l e  en d  p o i n t  i n  th e  ELISA a s s a y  
was c o n s id e r e d  a s  t h e  p e n u l t im a te  d i l u t i o n  w h ich  g av e  a  
s p e c t r o p h o to m e t r i c a l l y  d e t e c t a b l e  ch a n g e  i n  t h e  s u b s t r a t e  
( F ig .  3 ) .  The eg g  a n t i g e n  g av e  th e  s t r o n g e s t  r e a c t i o n  w i th  
a  u s e a b le  en d  p o i n t  d i l u t i o n  o f  1 :1 3 1 ,0 7 1  w h ich  g av e  an  
a b s o r p t i o n  o f  0 .0 2 1  a t  490 nm. U s in g  a  n e a t  s o l u t i o n  o f  
p e a k  I I  a t  1 mg p r o t e i n / m l ,  t h i s  g iv e s  a  s e n s i t i v i t y  c a p a b le  
o f  d e t e c t i n g  7 .6  ng  o f  eg g  p r o t e i n .  The t o t a l  am ount o f  
p r o t e i n  c o n ta in e d  i n  l  e g g  w as 7 3 .9  u g , th u s  t h e  ELISA ca n  
d e t e c t  0 .0001  o f  1 e g g . The nym phal a n t ig e n  gav e  a  u s a b le  
en d  p o i n t  d i l u t i o n  o f  1 :8 1 9 2  w h ich  c o r r e s p o n d s  t o  a  d e t e c t i o n  
l e v e l  o f  122 ng  w h ich  a l s o  g av e  a n  a b s o r p t i o n  o f  0 .0 2 1  a t  490 
nm. T h is  f i g u r e  may n o t  b e  a c c u r a t e  i n  t h a t  p e a k  I I I  p r o t e i n  
h a d  t o  be  u s e d  f o r  t i t e r i n g  t h e  serum  made a g a i n s t  t h e  p e a k  
IV  p r o t e i n .  The 122 n g  d e t e c t i o n  l e v e l  was c a l c u l a t e d  on  a  
b a s i s  o f  a s su m in g  t h a t  1 mg p r o t e i n  o f  p e a k  I I I  i s  e q u i v a l e n t  
t o  1 mg o f  p e a k  IV p r o t e i n ,  t h u s  a n  o b v io u s  b i a s  w as i n t r o ­
d u c e d  t h a t  i n f l a t e d  t h e  d e t e c t i o n  l e v e l .
N e i th e r  t h e  eg g  a n t ig e n - a n t ib o d y  s y s te m , n o r  t h e  nym phal 
sy s te m  c r o s s  r e a c t e d  i n  t h e  ELISA a s s a y  w i th  e a c h  o t h e r  o r  
w i th  th e  c r o s s  r e a c t i n g  a n t i g e n  p o o l  p r e p a r e d  fro m  t h e  p r e d ­
a t o r s  and  o t h e r  p e n ta to m id s .  When th e  e g g  sy s te m  was t e s t e d  
w i th  eggs  o f  t h e s e  p r e d a t o r s  a n d  o t h e r  p e n ta to m id s  ( s in c e  
eg g s  w ere n o t  p r e s e n t  i n  t h e  c r o s s  r e a c t i n g  p o o l  o f  a n t ig e n s  
p r e p a r e d  fro m  w ho le  i n s e c t s )  a  s l i g h t  c r o s s  r e a c t i o n  was 
o b s e rv e d  w i th  A. h i l a r e  o n ly .  I t  to o k  3 eg g s  o f  A . h i l a r e  
e x t r a c t e d  i n  0 .8  ml o f  TT b u f f e r  t o  p ro d u c e  t h i s  c r o s s  r e a c t i o n .
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F ig u r e  3 . T i t e r  o f  "both eg g  ( • ------• )  an d  nym phal (■------■ )
a n t ig e n s  i n  th e  ELISA u s in g  1 mg p r o t e i n / m l  
a s  th e  n e a t  d i l u t i o n  w i th  s u b s e q u e n t  2 - f o l d  
g e o m e tr ic  d i l u t i o n s  o f  a n t i g e n s .  A rrow s i n d i c a t e  
u s e a b le  e n d p o in t  d i l u t i o n .
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When 3 SGSB eg g s w ere  e x t r a c t e d  a s  above  an  a b s o r p t i o n  o f  
0 .7 8 2  a t  4-90 nm was g iv e n ,  w h ile  t h e  3 A. h i l a r e  eg g s  
gav e  a  r e s p o n s e  o f  0 . 0 2 5 , j u s t  a t  t h e  u s a b le  l i m i t  o f  d e ­
t e c t i o n .  No E u s c h i s tu s  s p p . o r  P . m a c u l i v e n t r i s  e g g s  (b o th  
a r e  p e n ta to m id s )  gave  an y  r e a c t i o n  w i th  th e  SGSB e g g s  a n t i ­
serum .
U sin g  th e  a d u l t  p o p u la t io n s  o f  N. v i r i d u l a  an d  A. h i l a r e  
a s  a n  in d e x  o f  th e  p o s s i b l e  num ber o f  eg g s  a v a i l a b l e  and  com­
b in i n g  them  a s  one p o t e n t i a l  p r e y  p o p u la t i o n ,  £ .  h i l a r e  made 
up  o n ly  k.6%  o f  th e  t o t a l .  C o n s id e r in g  th e  e x t e n t  o f  th e  
c r o s s  r e a c t i o n  an d  th e  p o r t i o n  o f  t h e  p o p u la t io n  com posed  o f  
A. h i l a r e , t h i s  s l i g h t  c r o s s  r e a c t i o n  was c o n s id e r e d  n e g l i ­
g i b l e  i n  th e  f i n a l  a n a l y s i s  o f  th e  am ount o f  SGSB eg g  p r e d a ­
t i o n .
F e e d in g  s tu d i e s
T a b le  1 shows th e  r e s u l t s  o f  th e  l a b o r a to r y  f e e d in g  
s t u d i e s  o f  p r e d a t o r s  on  nym phs. O nly  P . m a c u l i v e n t r i s  gave  
r e s u l t s  w h ich  w ould  ham per a  s e r o l o g i c a l  a s s a y  i n  t h a t  th e  
i n t e r v a l  b e tw e en  m e a ls  was l o n g e r  th a n  th e  tim e  w hen ELISA 
c a n  d i s t i n g u i s h  a  p o s i t i v e  r e a c t i o n .  The s p i d e r s ,  a s  a  g ro u p , 
d ig e s t e d  th e  nym phal a n t ig e n  (p e a k  IV ) v e ry  r a p i d l y ,  w h ich  
l i m i t e d  t h e  e f f e c t i v e n e s s  o f  t h i s  a s s a y  f o r  a s s e s s m e n t  o f  
s p id e r  p r e d a t io n ,  b u t  d id  n o t  r e n d e r  i t  u s e l e s s .
Numerous p r e d a t o r  s p e c i e s  w ere  b ro u g h t  i n t o  t h e  l a b o r ­
a t o r y  t o  b e  e v a lu a te d  b u t  o n ly  t h e  few  l i s t e d  i n  T a b le  1 
w ould  f e e d  when c o n f in e d  w i th  eg g s  o r  nym phs. B e t t e r  s u c c e s s  
was a c h e iv e d  w i th  nymphs th a n  eg g s  i n  th e  f e e d in g  t r i a l s .
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T a b le  1 . L a b o ra to ry  f e e d in g  s t u d i e s  o f  s e v e r a l  p r e d a t o r  
s p e c i e s  w h ich  h ad  f e d  on v a r io u s  i n s t a r s  o f  N. 
v i r i d u l a  t o  d e te rm in e  th e  r a t e  o f  . d ig e s t i o n  o f  
t h e  ELISA t e s t  a n t ig e n  by  th e  p r e d a t o r s  and  th e  
r a t e  o f  a c c e p ta n c e  o f  a  s e co n d  nymph.
P r e d a t o r
S p e c ie s




D e te c t io n  
Time (h ) 1 /
Minimum 
A c c e p ta n c e  
Time o f  
2nd Nymph
G e o c o r is
p u n c t ip e s
R e d u v io lu s
r o s e ip e n n i s
m a c u l i v e n t r i s
Oxyopes
s a l t i o u s
P h id ip p u s
audax
2nd
5 th  & 













1 /  P r e s e n c e  o f  nym phal p r o t e i n  was d e te r m in e d  s e r o l o g i c a l l y  
u s in g  a n  ELISA t e s t .
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The few  s p e c i e s  t h a t  w ou ld  a c c e p t  eg g s  i n  t h e  l a b o r a to r y  
w ere  G. p u n c t i p e s , R . r o s e i p e n n i s , an d  C o n o c e p h a lu s  f a s c i -  
a t u s  f a s c i a t u s  (D e G e e r) . E ggs w ere  a c c e p ta b l e  o n ly  when 
o f f e r e d  a s  a  c o m p le te  m a ss , th u s  i t  was n o t  p o s s i b l e  t o  
a s c e r t a i n  t h e  am ount o f  t im e  b e tw e e n  m e a ls .  The maximum 
t im e  eg g  p r o t e i n  c o u ld  be  d e t e c t e d  i n  t h e  g u t  o f t h e s e  p r e ­
d a t o r s  was 1 2 , 2 4 , a n d  2 h  r e s p e c t i v e l y .
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The tw o ma j o r  a c h e iv e m e n ts  o f  t h i s  s tu d y  w ere  t h e  a c ­
co m p lish m e n t o f  t h e  tw o s t a t e d  o b j e c t i v e s .  F i r s t ,  s p e c i f i ­
c i t y  was o b ta in e d  i n  t h e  SGSB p r e d a t o r - p r e y  s y s te m . The 
s i g n i f i c a n c e  o f  t h i s  l i e s  i n  t h e  d e g re e  o f  r e l a t e d n e s s  w h ich  
o c c u rs  b e tw e e n  th e  p r e d a t o r s  an d  p r e y .  Some o f  t h e  m ost 
a b u n d a n t p r e d a t o r s  a r e  m em bers o f  t h e  same o r d e r ,  H e m ip te ra , 
an d  one p r e d a t o r ,  P .  m a c u l i v e n t r i s , i s  i n  t h e  same f a m i ly  a s  
th e  SGSB. S p e c i f i c i t y  o f  t h e  a n t is e r u m  h a s  b e e n  a  common 
p ro b le m  a s s o c i a t e d  w i th  p a s t  s e r o l o g i c a l  s t u d i e s .  D em p ste r 
(i960) u s in g  th e  p r e c i p i t i n  te c h n iq u e  a n d  p r o d u c in g  serum  
a g a i n s t  w ho le  bo d y  e x t r a c t s  o f  t h e  b e e t l e  G o n io c te n a  o l i v a c e a  
( F o r s t e r )  h ad  c r o s s  r e a c t i o n  w i th  s e v e r a l  f a m i l i e s  o f  C o le -  
o p t e r a .  O th e r s  h av e  s t a t e d  t h a t  c r o s s  r e a c t i o n  w i th i n  
f a m i l i e s  o f  g e n e ra  h av e  o c c u r r e d ,  b u t  by  s e l e c t i n g  a  s tu d y  
s i t e  w h ich  h a d  o n ly  a  s m a l l  p o p u la t i o n  o f  t h e  c r o s s  r e a c t i n g  
s p e c i e s  t h e  serum  c o u ld  b e  c o n s id e r e d  s p e c i f i c  ( H a l l  e t  a l .  
1953 , L o u g h to n  e t  a l .  1963 , F ra n k  1967). T h is  a b i l i t y  t o  
c h o o se  a  p r o p e r  h a b i t a t  i n  o r d e r  t o  ig n o r e  t h e  c r o s s  r e a c t i o n  
p ro d u c e d  b y  r e l a t e d  s p e c i e s  m a y .n o t b e  p r a c t i c a l  i n  many i n ­
v e r t e b r a t e  p r e d a t o r - p r e y  s y s te m s .-
A b s o rp t io n  te c h n iq u e s  h av e  b e e n  u s e d  t o  rem ove c r o s s  
r e a c t i n g  a n t i b o d i e s  fro m  serum  (D em p ste r i960,  F ra n k  1967). 
T h is  p r o c e d u re  g e n e r a l l y  l e f t  t h e  r e s u l t i n g  se rum  w i th  a  low  
s e n s i t i v i t y  f o r  t h e  p r e y  a n t ig e n s  i n d i c a t i n g  t h a t  e x t e n s iv e  
c r o s s  r e a c t i o n  d id  o c c u r .  The p r e f e r r e d  m ethod  o f  o b t a i n -
22
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i n g  s p e c i f i c i t y  th e n  i s  n o t  by  h a b i t a t  s e l e c t i o n  o r  a b s o rp ­
t i o n  te c h n iq u e s ,  b u t  r a t h e r  by  c o n s id e r in g  th e  r e a l  p ro b le m  
o f  a n t ig e n  s e l e c t i o n .
M i l l e r  (1 9 7 9 ) d i s c u s s e d  s e v e r a l  m e thods u s e d  t o  o b t a in  
s p e c i e s  s p e c i f i c  serum  made a g a i n s t  D en d ro c to n u s  f r o n t a l i s  
Zimmerman. F i c h t e r  an d  S te p h e n  (1979 ) a l s o  u s e d  te c h n iq u e s  
f o r  s e p a r a t i n g  an d  i d e n t i f y i n g  a n t ig e n s  w h ich  w ou ld  be s p e c i e s  
s p e c i f i c  f o r  0 . p s e u d o ts u g a t a  f o r  u s e  i n  a n  ELISA. W ith  th e  
d ev e lo p m en t o f  m ore r e f i n e d  s e r o l o g i c a l  a s s a y s ,  a n t ig e n  s e l ­
e c t i o n  m e th o d s  m ust be  em p lo y ed . The te c h n iq u e s  a v a i l a b l e  
f o r  p r o t e i n  p u r i f i c a t i o n  a r e  n u m e ro u s , many a r e  e a s y  t o  u s e  
and  y i e l d  l a r g e  q u a n t i t i e s  o f  s e p a r a t e d  p r o t e i n .  C rude 
s a l i n e  e x t r a c t s  o f  w ho le  i n s e c t s  c a n n o t b e  u s e d  i n  a s s a y s  
s u ch  a s  ELISA b e c a u s e  o f  e x t e n s iv e  c r o s s  r e a c t i o n .
The ELISA sy s te m  d e v e lo p e d  f o r  SGSB p r e d a t o r - p r e y  a n a ­
l y s i s  c o u ld  d i s t i n g u i s h  b e tw e e n  eg g  an d  nym phal p r e d a t io n .
I t  was n o t  p o s s i b l e  w i th  t h e  nym phal a n t ig e n  t o  d i s t i n g u i s h  
among t h e  5 nym phal i n s t a r s ,  a l th o u g h  t h i s  may b e  p o s s i b l e  
w i th  some s p e c i e s .  R e s u l t s  fro m  s u ch  a  s tu d y  c o u ld  be 
u s e d  i n  a n  ex p a n d ed  a g e - s p e c i f i c  l i f e  t a b l e  w here  p r e d a t io n  
f o r  e a c h  i n s t a r  c o u ld  b e  q u a n t i t a t e d .
F o r  th e  m o st p a r t  t h e  p r e d a t o r s  u s e d  i n  t h e  f e e d in g  
s t u d i e s  g av e  f a v o r a b l e  r e s u l t s .  E ven  c l o s e l y  r e l a t e d  p r e ­
d a t o r s  s u c h  a s  P .  m a c u l i v e n t r i s  c o u ld  b e  u s e d  i n  f u t u r e  
f i e l d  e v a l u a t i o n  o f  p r e d a t o r s .  S p id e r s  d ig e s t e d  t h e  a n t ig e n  
r a p i d l y  a s  s h o u ld  b e  e x p e c te d  s in c e  th e y  p o s s e s s  p o w e r fu l 
enzym es t o  l i q u e f y  a l l  t h e i r  fo o d . A l to g e th e r ,  ELISA p ro v e d
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t o  b e  an  e x c e l l e n t  s y s te m  w i th  s u f f i c i e n t  s e n s i t i v i t y  t o  
b e  u s e d  i n  f u t u r e  e v a l u a t i o n  o f  f i e l d  c o l l e c t e d  p r e d a t o r s , '
The a s p e c t  o f  s e n s i t i v i t y  m ust a l s o  b e  c o n s id e r e d  when 
d e v e lo p in g  a  s e r o l o g i c a l  a s s a y .  ELISA i s ,  a lo n g  w i th  r a d i o ­
im m unoassay , t h e  m ost s e n s i t i v e  im m u n o lo g ic a l a s s a y  a v a i l a b l e .  
Lund an d  T u rp in  (1 9 7 7 ) d e v e lo p e d  a  p r e c i p i t i n  a s s a y  f o r  de­
t e c t i o n  o f  A g r o t i s  i p s i l o n  (H u fn a g e l)  p r e d a t i o n .  T h is  a s s a y  
c o u ld  p ic k  up  0 .0 0 2  o f  one 5 th  i n s t a r  b la c k  cutw orm . The 
ELISA t e s t  f o r  SGSB c o u ld  d e t e c t  0 .0 0 0 0 6 7  o f  one 5 th  i n s t a r  
SGSB nymph. T h is  i s  a t  l e a s t  29 t im e s  m ore s e n s i t i v e  th a n  
th e  A. i p s i l o n  a s s a y .  When d e a l in g  w i th  n o n - s p e c i f i c  p r e d ­
a t o r s  h ig h  s e n s i t i v i t y  o f  th e  m ethod  em p loyed  i s  v i t a l  s in c e  
t h e  p r e y  s p e c i e s  may c o n t r i b u t e  o n ly  a  s m a l l  p o r t i o n  o f  th e  
t o t a l  d i e t  o f  t h e  p r e d a t o r .
T h e re  a r e  s e v e r a l  a d v a n ta g e s  o f  a n  ELISA t e s t .  F i r s t  
t h e r e  i s  no n e e d  t o  h a v e  a  c l e a r  a n t ig e n  s o l u t i o n  a s  r e ­
q u i r e d  by  th e  p r e c i p i t i n  t e s t .  S e c o n d ly , ELISA d o es  n o t  d e ­
p en d  on num erous r e a c t i o n s  t o  ta k e  p l a c e  t o  fo rm  a  v i s i b l e  
p r e c i p i t a t e .  I n  c o n t r a s t ,  o n ly  a  few  u n i t s  o f  enzyme a c ­
t i v i t y  a r e  n e e d e d  t o  p ro d u c e  a  m e a s u ra b le  ch an g e  i n  t h e  s u b ­
s t r a t e ,  A n o th e r  a d v a n ta g e  i s  t h e  r a p i d i t y  o f  ELISA. T housands 
o f  p r e d a t o r s  c a n  b e  t e s t e d  w i th  r e l a t i v e  e a s e .  A utom ated  
eq u ip m en t i s  a v a i l a b l e  f o r  e v e ry  a s p e c t  o f  ELISA w h ich  c o u ld  
i n c r e a s e  t h e  o u tp u t  t r e m e n d o u s ly .  C o n s id e r in g  th e  a v a i l a ­
b i l i t y  o f  s e v e r a l  t e c h n iq u e s  f o r  s e l e c t i n g  a n t ig e n s  an d  th e  
s e n s i t i v i t y  a f f o r d e d  b y  ELISA, s e r o l o g i c a l  a n a l y s i s  o f  p r e d ­
a t i o n  s h o u ld  becom e a  m ore r o u t i n e  p r o c e d u r e .
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INTRODUCTION
As a  com ponen t o f  th e  com plex  o f  n a t u r a l  c o n t r o l  a g e n ts  
o f  a  p e s t  p o p u la t i o n ,  p r e d a t o r s  a r e  o f t e n  th o u g h t  t o  p la y  a  
m a jo r  r o l e  i n  k e e p in g  th e s e  p o p u la t io n s  be low  a n  econom ic 
th r e s h o l d .  F o r  e x a m p le , p r e s e r v a t i o n  o f  p r e d a t o r s  i n  th e  
e a r l y  p a r t  o f  t h e  g ro w in g  s e a s o n  i n  a  c o t to n  p e s t  m anagem ent 
sy s te m  by  a  j u d i c i a l  u s e  o f  i n s e c t i c i d e s ,  w i l l  d e l a y  h ea v y  
u s e  o f  t h e s e  c h e m ic a ls  u n t i l  l a t e r  i n  th e  s e a s o n  (Newsom 
1 9 7 9 ) . S oy b ean  p e s t  m anagem ent i s ,  h o w ev e r, d i f f e r e n t  from  
c o t to n  i n  t h a t  th r o u g h o u t  t h e  s o u th  no  key  p e s t  h a s  d e v e lo p e d  
(T u rn ip s e e d  an d  K ogan 1 9 7 6 ) . T h is  c a n  be a t t r i b u t e d  . in  p a r t  
t o  th e  p r e s s u r e  t h e  e n t i r e  com plex  o f  p r e d a t o r s ,  p a r a s i t o i d s ,  
an d  p a th o g e n s  e x e r t  on  a l l  th e  p h y to p h a g o u s  s p e c i e s  p r e s e n t  
i n  s o y b ean s  a lo n g  w i th  t h e  a b s e n c e  o f  an y  e a r l y  s e a s o n  p e s t s  
w h ich  w i l l  r e q u i r e  c h e m ic a l  c o n t r o l  ( T u r n ip s e e d  an d  Kogan 
1 9 7 6 ) .
One o f  t h e  m a jo r  p e s t s  o f  s o y b e a n s  i n  L o u i s i a n a  i s  th e  
s o u th e r n  g r e e n  s t i n k  bug  (SGSB), N e z a ra  v i r i d u l a  ( L . ) ( J e n s e n  
a n d  Newsom 1 9 7 2 ) . S e v e re  dam age c a n  be  i n f l i c t e d  on  th e  s e e d  
b y  th e  f e e d in g  o f  t h e  SGSB w h ich  r e d u c e s  y i e l d ,  o i l  c o n t e n t ,  
a n d  a d v e r s e l y  a f f e c t s  g e r m in a t io n  (D uncan  an d  W a lk e r  1968 ,
Todd e t  a l .  1 9 7 3 , Thomas e t  a l .  197*0 .
The i d e n t i f i c a t i o n  an d  d e t e r m i n a t io n  o f  t h e  r e l a t i v e  
a b u n d a n ce  o f  p r e d a t o r s  w i t h i n  a  s o y b e a n  a g ro e c o s y s te ra  h as  
b e e n  a c c o m p lis h e d  by  s e v e r a l  i n v e s t i g a t o r s  ( B l i c k e n s t a f f  an d  
H uggans 1 9 6 2 , W hitcom b an d  B e l l  1 9 6 4 , T u rn ip s e e d  1 9 7 2 , S h e p a rd
28
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e t  a l .  1974 , W uensche 1 9 7 6 ) . I n  d e te r m in in g  th e  e f f e c t  o f  
p r e d a t io n  on a  p e s t  p o p u la t i o n  th e  w e a k e s t a s p e c t  i s  a  q u an ­
t i t a t i v e  a s s e s s m e n t  o f  p r e d a t io n .  S tam  (1 9 7 8 ) d id  e x t e n s iv e  
d i r e c t  o b s e r v a t io n  o f  th e  p r e d a t o r s  o f  th e  eg g s  a n d  nymphs 
o f  th e  SGSB. Q u a n t i t a t i v e  d a t a  on nym phal p r e d a t i o n  w ere 
g e n e ra te d  by  u s in g  r a d i o l a b e l i n g  t e c h n iq u e s .  A n o th e r  m ethod  
o f  q u a n t i t a t i v e l y  d e t e r m in in g  p r e d a t i o n  i s  by  th e  u s e  o f  
s e r o lo g y .
D em pste r ( i 9 6 0 ) u s e d  th e  p r e c i p i t i n  t e s t  t o  q u a n t i f y  
p r e d a t io n  o f  th e  broom  b e e t l e ,  G o n io c te n a  o l i v a c e a  ( F o r s t e r ) .  
More r e c e n t l y ,  G re e n s to n e  (1 9 7 7 ) u s e d  a  m ore ad v a n c e d  t e c h ­
n iq u e  o f  p a s s iv e  h a e m a g g lu t in a t io n  i n h i b i t i o n  t o  o b t a in  q u an ­
t i t a t i v e  d a t a  on p r e d a t i o n  by  th e  s p i d e r  P a rd o s a  ra m u lo s a  
(McCook) o f  3 s p e c i e s  i n h a b i t i n g  a  m a rsh  e c o s y s te m . T h is  
s tu d y  was i n i t i a t e d  t o  em ploy an  enzyme l i n k e d  im m unoso rben t 
a s s a y  (ELISA) d e v e lo p e d  by  R a g s d a le  (1 9 8 0 ) t o  q u a n t i t a t i v e l y  
a s s e s s  p r e d a t io n  on b o th  th e  e g g  an d  nym phal s t a g e s  o f  N. 
v i r i d u l a  i n  a  so y b e a n  a g ro e c o sy s te m  i n  L o u i s i a n a .
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MATERIALS AND METHODS
Study Sites
F i e l d  c o l l e c t i o n  o f  p r e d a t o r s  t o  m e a su re  d e n s i t y  and  
f o r  s u b s e q u e n t  u s e  i n  th e  ELISA w ere  made d u r in g  th e  1977 
a n d  1978 g ro w in g  s e a s o n s .  S am ples w ere  t a k e n  b o th  y e a r s  w i th  
a  38 cm d ia m e te r  sw eep n e t .  A 1 .0  h a  p l o t  on th e  e x p e r im e n ta l  
fa rm  a t  B u rd en  P l a n t a t i o n ,  B a to n  R ouge, LA was u s e d  f o r  th e  
l a t t e r  p a r t  o f  t h e  1977 g ro w in g  s e a s o n  (7 /2 8  -  8 /1 8 ) .  SGSB 
p o p u la t io n s  w ere  e x t r e m e ly  low  th ro u g h o u t  t h e  s t a t e  i n  1977  
w h ich  n e c e s s i t a t e d  t h e  u s e  o f  an  a r t i f i c i a l l y  p ro d u c e d  p opu ­
l a t i o n .  The 1 .0  h a  p l o t  u s e d  was i n  c o n d u c t io n  w i th  a  s c r e e n ­
in g  p ro g ram  f o r  r e s i s t a n c e  o f  s e v e r a l  b r e e d i n g  l i n e s  t o  SGSB 
f e e d in g .  I n  o r d e r  t o  ex p o se  th e  new b r e e d i n g  l i n e s  t o  a  
s u f f i c i e n t l y  h ig h  p o p u la t io n  o f  SGSB, H i l l  v a r i e t y  s o y b e a n s , 
an  e a r l y  m a tu r in g  v a r i e t y ,  was p l a n t e d  a s  a  16  row  b o r d e r  
on e a c h  s i d e  o f  t h e  p l o t  an d  on  e v e ry  o t h e r  2 row s th r o u g h o u t  
th e  p l o t .  T h is  e n a b le d  a  l a r g e  p o p u la t i o n  o f  SGSB t o  b u i l d  
up  an d  l a t e r  move o n to  t h e  b r e e d in g  l i n e s  p l a n t e d  i n  s m a l l  
s u b p lo t s  th r o u g h o u t  t h e  l a r g e r  1 .0  h a  p l o t .  O n ly  th e  H i l l  
s o y b e a n s  w ere  u s e d  f o r  c o l l e c t i o n  o f  p r e d a t o r s .
I n  1978 a  f i e l d  o f  D are  so y b e a n s  ( c a .  50 h a )  was u s e d  
a t  E r w i n v i l l e ,  LA. W ith  t h e  com bined  e f f e c t s  o f  a n  e a r l y  
p l a n t i n g  (5 /1 5 )  and  a n  e a r l y  m a tu r in g  (g ro u p  V) so y b e a n  
v a r i e t y ,  t h i s  f i e l d  s e r v e d  a s  a n  e x c e l l e n t  t r a p  c ro p  f o r  SGSB.
F o u r  0 . ^  h a  p l o t s  w ere  d e l i n e a t e d  w i t h i n  t h e  f i e l d .
F iv e  50 sw eep sam p le s  w ere  t a k e n  w ee k ly  w i t h i n  e a c h  p l o t .
30
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A d d i t i o n a l  s a m p le s  w ere  t a k e n  th r o u g h o u t  t h e  f i e l d .  Con­
t e n t s  o f  t h e  sw eep n e t  w ere  e m p tie d  i n t o  a  p l a s t i c  h a g , 
p la c e d  i n t o  a n  i c e  c h e s t  a n d  r e t u r n e d  t o  t h e  l a b o r a t o r y  
w i t h i n  2 h  o f  c o l l e c t i o n .  Once i n  t h e  l a b o r a t o r y ,  sam p les  
w ere  f r o z e n  a t  -20°C  a n d  g e n e r a l l y  p r o c e s s e d  w i t h i n  2k  h .  
S e r o l o g i c a l  a s s a y
A f t e r  t h e  f r o z e n  p r e d a t o r s  w ere  i d e n t i f i e d  a n d  c o u n te d  
th e y  w ere  p r e p a r e d  f o r  s u b s e q u e n t  u s e  i n  th e  ELISA b y  m aking  
a  sm ea r on f i l t e r  p a p e r .  The f i l t e r  p a p e r  was th e n  d r i e d  
an d  s t o r e d  i n  a  vacuum  d e s i c c a t o r  o v e r  an h y d ro u s  c a lc iu m  
c h l o r id e  (D em p ste r i 9 6 0 ) .
P r i o r  t o  u s e  i n  t h e  ELISA th e  sm ea r on  th e  f i l t e r  p a p e r  
was c u t  o u t  an d  e x t r a c t e d  f o r  12 h  a t  k  C i n  800 u l  o f  t r i s -  
( h y d ro x y m e th y l) am inom ethane-H C L b u f f e r ,  pH 7 .2 ,  c o n t a in i n g  
0 .1 #  T w een -20 . Two 200 u l  a l i q u o t e s  w ere  u s e d  f o r  a s s e s s m e n t  
o f  eg g  p r e d a t i o n  an d  a n o t h e r  f o r  e v a l u a t i o n  o f  nym phal p r e ­
d a t i o n .  I n  o r d e r  t o  h av e  a  p o s i t i v e  c o n t r o l  f o r  t h e  ELISA, 
f i e l d  c o l l e c t e d  p r e d a t o r s  w e re  c o n f in e d  i n  a  p e t r i  d i s h ,  
f a s t e d  ^8 h  w i th  o n ly  w a te r  a v a i l a b l e  t h e n  v a r i o u s  i n s t a r s  
a n d  eg g s  w ere  e x p o s e d  t o  t h e  p r e d a t o r .  T h is  a l s o  g av e  
l i m i t e d  d a t a  on  c o n s u m p tio n  an d  d i g e s t i o n  r a t e s  o f  eg g s  an d  
nymphs by  v a r i o u s  p r e d a t o r s .
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RESULTS AND DISCUSSION
P r e d a t io n  on  N. v i r i d u l a  was m e a su re d  i n  27 s p e c i e s  b e ­
lo n g in g  t o  6 o r d e r s  an d  15  f a m i l i e s  from  s p ec im en s  c o l l e c t e d  
i n  1977 an d  197 8 . C o l l e c t i o n s  made i n  1977 w ere  fro m  su ch  a  
s m a l l ,  h ig h l y  a r t i f i c i a l  f i e l d  an d  fro m  p l a n t  d e v e lo p m e n ta l 
s t a g e s  R -5  th ro u g h  R -7  (F e h r  e t  a l .  1971) t h a t  o n ly  8 s p e c i e s  
w ere  t e s t e d .  From  th e s e  8 s p e c i e s ,  238  an d  176 in d i v i d u a l s  
w ere  t e s t e d  i n  th e  ELISA f o r  eg g  an d  nym phal p r e d a t i o n ,  
r e s p e c t i v e l y .  The t o t a l s  r e p o r t e d  i n  T a b le  1 o f  t h e  num ber 
o f  i n d i v i d u a l s  e v a lu a te d  i n  1978 w i th  th e  ELISA f o r  b o th  eg g  
an d  nym phal p r e d a t i o n  r e p r e s e n t  95*4  an d  7 7 .* $  o f  t h e  p r e d ­
a t o r  com plex  c a u g h t  i n  t h e  w e e k ly  s a m p lin g  from  6 /2 2  t o  9 / 2 .
From th e  d a t a  shown i n  P i g s .  1 and  2 t h e r e  was a  b e t t e r  
r e s p o n s e  by  th e  p r e d a t o r s  i n  1978 t o  th e  p r e s e n c e  o f  eg g s  i n  
th e  f i e l d  th a n  t o  nym phs. When m e a s u r in g  eg g  p r e d a t io n  a  max­
imum r e s p o n s e  was g iv e n  on 7 /2 8 /7 8  w i th  65 . 6$  o f  t h e  p r e d a t o r  
com plex  g iv i n g  a  p o s i t i v e  r e a c t i o n  i n  t h e  ELISA. C o rre s p o n d ­
i n g l y ,  on 8 /1 0 /7 8  t h e  g r e a t e s t  am ount o f  nym phal p r e d a t io n  
was o b ta in e d  w i th  2 4 .9 $  o f  t h e  p r e d a t o r  com plex  g iv in g  a  
p o s i t i v e  r e s p o n s e  w i th  t h e  ELISA.
From l a b o r a t o r y  f e e d i n g  s t u d i e s  i t  was fo u n d  t h a t  o n ly  
P o d is u s  m a c u l i v e n t r i s  (S ay ) an d  P h id ip p u s  au d ax  (H en tz ) 
w o u ld  a c c e p t  a  nymph l a r g e r  th a n  a  3 r d  i n s t a r .  H ow ever, 
l a b o r a t o r y  c o n d i t i o n s  may a l t e r  b e h a v io r  t o  s u c h  a  d e g re e  
t h a t  th e s e  d a t a  may n o t  b e  d i r e c t l y  a p p l i c a b l e  t o  f i e l d  
c o n d i t i o n s .  S tam  (1 9 7 8 ) show ed , h o w ev e r, w i th  l i f e  t a b l e
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T a b le  1 . The num ber o f  s e l e c t e d  p r e d a t o r s  t e s t e d  f o r  eg g  and  nym phal p r e d a t io n  
by  th e  ELISA. 1 /
No. T e s te d f o r  P r e d a t io n  on
P r e d a t o r  S p e c ie s
Eggs Nymphs
1977 1978 1977 1978
ARANEAE
A ra n e id a e
N eoscona a r a b e s c a  (W alck en a e r) 18
O xyopidae
O xyopes s a l t i c u s  H en tz 496
S a l t i c i d a e
P h id ip p u s  au d a x  (H en tz ) 30
COLEOPTERA
C a ra b id a e
L e b ia  a n a l i s  D e.lean 180 152
C o c c in e l l id a e
C o le o m e g i l la  m a c u la ta  l e n g i  T im b e r la k e  
C y c lo n e d a  s a n g u in e a  ( L . )









A n th o c o r id a e











T a b le  1 . ( c o n t in u e d )
No. T e s te d f o r  P r e d a t io n on
Eggs Nymphs
P r e d a t o r  S p e c ie s 1977 1978 1977 1978
L y g a e id a e
G e o c o r is  p u n c t ip e s  (S ay ) 1^2 539 118 ^73
N ab id ae
R e d u v io lu s  r o s e ip e n n i s  ( R e u te r ) 30 23 20 16
P e n ta to m id a e
P o d is u s  m a c u l i v e n t r i s  (S ay ) 3 109 2 92
HYMENOPTERA
F o rm ic id a e
S o le n o p s is  i n v i c t a  B u ren 51 8
OTHERS 3^ 355 20 133
TOTAL 238 16^8 176 1807
1 /  P r e d a t o r s  w ere  c o l l e c t e d  i n  197?  on  a  s m a l l  1 .0  h a  p l o t  o f  H i l l  s o y b ean s  on 
B urden  P l a n t a t i o n  E x p e r im e n ta l  F arm , B a to n  R ouge, LA. I n  1978 p r e d a t o r s  w ere  
c o l l e c t e d  on a  50 h a  f i e l d  o f  D are  so y b e a n s  a t  E r w i n v i l l e ,  LA.
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F ig u r e  1 .  S e a s o n a l  ab u n d a n ce  o f  a d u l t  N. v i r i d u l a  (® •  )
and  th e  p e r c e n t  o f  t h e  p r e d a t o r  com plex  g iv i n g
a  p o s i t i v e  r e s p o n s e  i n  t h e  ELISA (■------») f o r
eg g  p r e d a t i o n .  A rrow  i n d i c a t e s  a n  i n s e c t i c i d e  
a p p l i c a t i o n .
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OATE
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F ig u r e  2 . Com bined s e a s o n a l  ab u n d a n ce  o f  3 nym phal
i n s t a r s  ( 1 s t ,  2nd  an d  3Fd) ( • — —•)  and  th e  
p e r c e n t  o f  th e  p r e d a t o r  com plex  g iv in g  a  
p o s i t i v e  r e s p o n s e  i n  t h e  ELISA f o r  nym phal 
p r e d a t i o n  (» ——■ ) .  A rrow  i n d i c a t e s  an  i n s e c t i ­
c id e  a p p l i c a t i o n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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s tu d i e s  t h a t  o n ly  4 .3 $  o f  th e  p o p u la t io n  from  4 th  i n s t a r  t o  
a d u l t  c o u ld  n o t  b e  a c c o u n te d  f o r  w h ile  from  th e  e g g  th ro u g h  
th e  3 rd  i n s t a r  6 0 .9 $  o f  t h e  p o p u la t io n  d i s a p p e a r e d .  T h is  
s u p p o r ts  th e  ab o v e  c o n c lu s io n  t h a t  l i t t l e  p r e d a t i o n  o c c u rs  
beyond  th e  3 rd  i n s t a r .
A long  w i th  t h e  a s s e s s m e n t  o f  th e  t o t a l  p r e d a t i o n  w hich  
o c c u rs  on  th e  2 l i f e  s t a g e s  o f  t h e  SGSB, p r e d a t o r s  w ere  
r a t e d  a s  t o  t h e i r  e f f i c i e n c y  i n  r e l a t i o n  t o  th e  com plex .
D em pste r ( i 9 6 0 ) w as th e  f i r s t  t o  a p p ly  a n  e f f i c i e n c y  r a t i n g  
t o  r e s u l t s  o f  a  s e r o l o g i c a l  a s s a y .  He in c lu d e d  p a r a m e te r s  
o f  d e n s i t y ,  r a t e  o f  c o n su m p tio n  o f  p r e y ,  r a t e  o f  d i g e s t i o n  
and  th e  p e r c e n t  o f  t h e  p r e d a t o r  p o p u la t i o n  g iv in g  a  p o s i t i v e  
r e s p o n s e  w i th  t h e  p r e c i p i t i n  t e s t .  A l l  o f  t h e s e  f a c t o r s  a r e  
u n d o u b te d ly  in v o lv e d  i n  th e  p r e d a t o r - p r e y  sy s te m  o f  t h e  SGSB 
b u t  o n ly  th e  f a c t o r s  o f  d e n s i t y  (D) and  th e  p e r c e n t  o f  th e  
p r e d a t o r  p o p u la t i o n  g iv in g  a  p o s i t i v e  r e s p o n s e  (E) w ere  u s e d  
i n  g e n e r a t i n g  a  r a t i n g  o f  e a c h  p r e d a t o r 's  e f f i c i e n c y  (P E ).
The f o l lo w in g  fo rm u la  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  con ­
t r i b u t e d  t o  th e  p r e d a t o r  com p lex :
PE = (D) *  -(E) x  100t ( m)
I n f o r m a t io n  on  r a t e  o f  c o n su m p tio n  o f  v a r i o u s  p r e d a t o r s  and  
d i g e s t i o n  r a t e s  o f  t h e  a n t ig e n  s e l e c t e d  f o r  u s e  i n  t h e  ELISA 
was to o  in c o m p le te  t o  b e  i n c lu d e d  i n  a  fo rm u la  f o r  m e a s u r in g  
p r e d a t o r  e f f i c i e n c y .
D a ta  p u b l i s h e d  e ls e w h e re  (B a g s d a le  1980) d i d ,  h o w ev er, 
show t h a t  from  t h e  p r e d a t o r s  u s e d  i n  l a b o r a t o r y  f e e d i n g  s t u d i e s
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t h a t  no  s p e c i e s  h ad  a  l o n g e r  i n t e r v a l  b e tw e e n  a c c e p ta n c e  o f  a  
2nd m ea l th a n  f o r  t h e  maximum d e t e c t i o n  t im e  i n  t h e  ELISA o f  
th e  i n i t i a l  p r e y  t a k e n .  F a c t o r s  su ch  a s  t e m p e r a t u r e ,  l e n g th  
o f  th e  f a s t i n g  p e r i o d  b e f o r e  e x p o s u re  t o  t h e  p r e y ,  an d  con ­
f in e m e n t  o f  th e  p r e d a t o r  i n  a n  a r t i f i c a l  e n v iro n m e n t n ee d  
t o  be  th o r o u g h ly  i n v e s t i g a t e d  b e f o r e  co n s u m p tio n  a n d  d i g e s t i o n  
r a t e s  w ou ld  b e  m e a n in g fu l .
A n o th e r  a s p e c t  o f  SGSB p r e d a t io n  r e v e a l e d  i n  t h i s  s tu d y  
was th e  ch an g e  i n  te m p o r a l  c o m p o s i t io n  o f  t h e  p r e d a t o r  co m p lex . 
D a ta  g e n e r a te d  i n  1978 from  p r e d a t i o n  m e a su re d  on  e g g s  d u r in g  
th e  e a r l y  s e a s o n  ( 6 /2 2  -  7 /2 1 )  (T a b le  2 ) ,  w h ich  c o r r e s p o n d e d  
t o  p l a n t  d e v e lo p m e n ta l  s t a g e s  V -6 th ro u g h  R -4  (F e h r  e t  a l .  
1 9 7 1 ) , shows th e  m o st e f f i c i e n t  p r e d a t o r s  o f  e g g s  l a i d  b y  th e  
im m ig ra t in g  f e m a le s .  The c o m p o s i t io n  o f  t h e  e a r l y  s e a s o n  
p r e d a t o r  com plex  was d i f f e r e n t  from  t h a t  d u r in g  th e  l a t t e r  
p a r t  o f  t h e  s e a s o n .  T h is  c o u ld  be  e x p l a in e d  by  t h e  f a c t  t h a t  
d e n s i t y  o f  m o st p r e d a t o r s  c h a n g ed  d r a m a t i c a l l y  a s  t h e  s e a s o n  
p r o g r e s s e d  o r  p o s s i b l y  s e a r c h in g  a b i l i t y  was so  d i l u t e d  b e ­
c a u s e  o f  t h e  r a p i d  i n c r e a s e  o f  p l a n t  a r e a ,  t h a t  e f f i c i e n c y  
w as d r a s t i c a l l y  r e d u c e d  l a t e r  i n  th e  s e a s o n .  One s p e c i e s  i n  
p a r t i c u l a r ,  S o le n o p s i s  i n v i c t a  B u re n , e x e m p l i f i e s  t h i s  i n  
t h a t  i t  o n ly  g av e  a  p o s i t i v e  r e s p o n s e  i n  th e  ELISA d u r in g  
th e  e a r l y  s e a s o n  ( T a b le  2 ) .  O th e r  f a c t o r s  s u c h  a s  s a m p lin g  
b i a s ,  and  th e  p r e s e n c e  o f  o th e r  p o t e n t i a l  p r e y  u n d o u b te d ly  
p la y e d  a  r o l e  i n  t h e s e  r e s u l t s .
As th e  g ro w in g  s e a s o n  p r o g r e s s e d  G. p u n c t ip e s  becam e a  
v e r y  im p o r ta n t  p r e d a t o r  o f  b o th  eg g s  an d  nymphs p r i m a r i l y











T a b le  2 . Egg p r e d a t i o n  m e asu red  o v e r  t h e  e a r l y  p a r t  o f  t h e  s e a s o n  fro m  p l a n t  
d e v e lo p m e n ta l s t a g e s  V -6 th ro u g h  R -4  on  D are s o y b e a n , E r w i n v i l l e ,  LA. 
____________ 1 9 7 8 . 1 / ___________________________________________________________________
P r e d a t o r
S p e c ie s D e n s i ty  2 /
P e r c e n t  
ELISA 
P o s i t i v e  2 /
P r e d a t o r  
E f f i c i e n c y  4 /
P e r c e n t  o f  E n t i r e  
S e a s o n 's  P r e d a t io n  
O c c u r r in g  from  6 /2 2 - 7 /1 4
O riu s
i n s i d i o s u s 1 6 .0 8 .0 2 3 .3 3 4 .1
S o le n o p s is
i n v i c t a 2 .6 3 5 .7 1 6 .8 1 0 0 .0
C y c lo n e d a  
s a n g u in e a 3 .8 2 3 . 2 1 6 . 1 2 9 .3
P o d is u s
r a a c u l iv e n t r i s 2 .0 3 4 .4 1 2 .2 3 0 .9
C o le o m e g i l la  
m a c u la ta  l e n g i 1 .3 3 0 .0 6 .9 1 6 .0
G e o c o r is
p u n c t ip e s 2 .0 1 5 .6 5 .7 5 .9
N ab id ae
nymphs 1 .4 1 4 .8 3 .8 7 2 .9
L e b ia  
a n a l i s 2 A 7 .’3 3 .2 3 5 .3
C o c c in e l l i d a e











T a b le  2 . ( c o n t in u e d )
P e r c e n t  o f  E n t i r e
P r e d a t o r ELISA P r e d a t o r S e a so n * s  P r e d a t io n
S p e c ie s D e n s i ty P o s i t i v e E f f i c i e n c y O c c u r r in g  from  6 /2 2 - 7 /1 ^
B e d u v io lu s
r o s e ip e n n i s 0.-5 1 6 .7 1 .6 1 3 .2
1 /  P l a n t  d e v e lo p m e n ta l s t a g e s  from ' f fe h r  e t  a l i  (1 9 7 1 )
2 /  D e n s i ty  (D) = The sum o f  a l l  th e  s a m p lin g  d a t e s  o f  6 /2 2  th r o u h g  7 /1 ^ ,  o f  t h e  
”  num ber o f  i n d i v i d u a l s / 5 0  sw e ep s .
3 /  % ELISA P o s i t i v e  (E ) = The p e r c e n t  o f  a  p r e d a t o r  p o p u la t i o n  g iv i n g  a  p o s i t i v e  
r e s p o n s e  i n  t h e  ELISA.
k /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  i n c lu d e s  b o th  D an d  E f a c t o r s  i n  t h e  f o l l o w in g  
r e l a t i o n s h i p :
PE = X 100
T h is  y i e l d s  th e  p e r c e n t  e a c h  s p e c i e s  c o n t r ib u t e d  t o  th e  p r e d a t o r  com plex  o v e r  
t h e  e a r l y  p a r t  o f  t h e  g ro w in g  s e a s o n .
4 3
T a b le  3* Egg p r e d a t io n  m easu red  o v e r  th e  e n t i r e  s e a s o n  
fro m  p l a n t  d e v e lo p m e n ta l s t a g e s  V-6 th ro u g h  B - 
on  D are  s o y b e a n s , E r w in v i l l e ,  LA, 1978 . 1 /
P r e d a t o r T o ta l % ELISA P r e d a t o r
S p e c ie s D e n s i ty  2 / P o s i t i v e E f f i c i e n c y  4 /
G e o c o r is
p u n c t ip e s 2 5 . 8 2 0 . 6 2 3 . I
O r iu s
i n s i d i o s u s 1 6 .7 2 2 .5 1 6 .3
C y c lo n ed a
s a n g u m e a 7 .8 3 8 .5 1 3 .1
C o c c in e l l id a e
l a r v a e 7 .7 3 1 .6 1 0 . 5
C o le o m e g i l la  
m a c u la ta  l e n g i 5 .0 4 6 .8 1 0 .2
P o d is u s
m a c u l i v e n t r i s 5 .3 4 1 .3 9 .4
S o le n o p s is
i n v i c t a 2 .9 2 9 .4 3 .6
E e d u v io lu s
r o s e ip e n n i s 1 .6 4 3 .5 3 .0
L e b ia  a n a l i s 8 .9 5 .6 2 .2
1 /  P l a n t  d e v e lo p m e n ta l s ta g e s  from  F e h r  e t  a l .  ( 1 9 7 1 ) .
2 /  T o t a l  D e n s i ty  (D) = The sum o f  a l l  t h e  sa m p lin g  d a t e s  
”  o f  6 /2 2  th ro u g h  9 / 2 ,  o f  th e  num ber o f  i n d i v i d u a l s / 5 0  
sw e ep s .
.2 / % ELISA P o s i t i v e  (E ) = The p e r c e n t  o f  a  p r e d a t o r  popu­
l a t i o n  g iv i n g  a  p o s i t i v e  r e s p o n s e  i n  t h e  ELISA.
4 /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  i n c lu d e s  b o th  D and  E 
f a c t o r s  i n  t h e  f o l l o w in g  r e l a t i o n s h i p :
PE = (D) X (E ) x  100
/L-(DE)
T h is  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  c o n t r ib u t e d  t o  th e  
p r e d a t o r  com plex  o v e r  th e  e n t i r e  s e a s o n .
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due t o  i t s  i n c r e a s i n g  d e n s i t y  (T a b le  3)« D a ta  o b ta in e d  from  
th e  s m a l l  f i e l d  t e s t s  a t  B u rd en  P l a n t a t i o n  i n  1977 r a t e d  G. 
p u n c t ip e s  an d  R . r o s e ip e n n i s  a s  t h e  m ost e f f i c i e n t  egg  and  
nym phal p r e d a t o r s  w ith  th e s e  2 s p e c i e s  b e in g  r e s p o n s ib l e  f o r  
7 2 .1  an d  5 8 .1 #  o f  t h e  nym phal an d  egg  p r e d a t io n ,  r e s p e c t i v e l y .  
W h ile  R . r o s e ip e n n i s  c o n t r ib u t e d  3 2 .5  and. 3 0 .1 #  t o  th e  t o t a l  
eg g  and  nym phal p r e d a t io n  i n  1 9 7 7 , th e  low  d e n s i t y  o f  R . r o s e i ­
p e n n is  i n  t h e  1978 l o c a t i o n  c a u s e d  i t s  e f f i c i e n c y  t o  d ro p  
to  3 .0  and  3 .1 #  r e s p e c t i v e l y .
O ver 90# o f  th e  p r e d a t io n  on eg g s  and  nymphs o c c u r r e d  
w i th  o n ly  a  9 s p e c i e s  com plex  f o r  e a c h  s y s te m . From th e  r e ­
s u l t s  i n  T a b le s  2 ,  3 an d  4  no  one s p e c i e s  c o u ld  be  c o n s id e r e d  
a  p r im a ry  p r e d a t o r  o f  e i t h e r  l i f e  s t a g e  o f  N. v i r i d u l a . By 
co m p arin g  d a t a  c o l l e c t e d  d u r in g  th e  2 y e a r s ,  many o f  th e  
same s p e c i e s  w ere  p r e s e n t  a t  t h e  2 s i t e s ;  b u t ,  d e n s i t y  o f  
i n d i v i d u a l  s p e c i e s  was d r a m a t i c a l l y  d i f f e r e n t  w h ich  i n  t u r n  
m o d if ie d  t h e  im p o r ta n c e  o f  v a r i o u s  p r e d a t o r s  o v e r  th e  2 
y e a r s .  S p id e r s  w ere  n o t  c o l l e c t e d  i n  1 9 7 7 , so  t h e  im p o r ta n c e  
o f  O xyopes s a l t i c u s  a s  a  nym phal p r e d a t o r  o v e r  th e  2 y e a r s  
c o u ld  n o t  b e  a s c e r t a i n e d .
P r e d a t io n  on th e  SGSB m u st b e  v iew ed  from  th e  s t a n d ­
p o in t  o f  a  com plex  o f  n o n - s p e c i f i c  p r e d a t o r s .  W uensche 
(1 9 7 6 ) show ed t h a t  f o r  t h e  p r e d a t o r s  N ab is  s p p . , G e o c o r is  
s p p .  an d  0 .  i n s i d i o s u s , t h e i r  p o p u la t i o n  dynam ics w ere  i n ­
d e p e n d a n t o f  h a b i t a t  o r  s o y b e a n  p e s t s  p r e s e n t .  E ven  th o u g h  
c o n s i s t e n t  p r e s s u r e  was a p p l i e d  t o  t h e  SGSB p o p u la t io n  o v e r  
t h e  e n t i r e  1978 g ro w in g  s e a s o n  ( F ig s .  1 an d  2 ) and  no  i n s e c t -
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T a b le  4 .  Nymphal p r e d a t i o n  m e a su re d  d u r in g  th e  p l a n t  
d e v e lo p m e n ta l  s t a g e s  R -3  th r o u g h  R -8  on D are  
s o y b e a n s ,  E r w i n v i l l e ,  LA, 19 7 8 . 1J
P r e d a t o r T o t a l % ELISA P r e d a t o r
S p e c ie s D e n s i ty  2 / P o s i t i v e  2 / E f f i c i e n c y  4 /
O xyopes
s a l t i c u s 3 5 .0 1 2 .1 3 3 -7
G e o c o r is
p u n c t ip e s 2 4 .6 1 0 .2 1 9 .8
P o d is u s
m a c u l i v e n t r i s 3 .8 4 0 .2 1 2 .2
C y c lo n e d a
s a n g u in e a if. 6 2 2 .9 8 .4
C o le o m e g i l la  
m a c u la ta  l e n g i 4 .1 1 8 .4 6 .0
R e d u v io lu s
r o s e ip e n n i s 1 .1 5 0 .0 4 .4
P h id ip p u s
au d ax 1 .1 4 6 .7 4 .2
C o c c in e l l i d a e
la r v a e 6 .3 7 .0 3 .5
N eoscona
a r a b e s c a 1 .2 3 3 -3 3 .2
1 /  P l a n t  d e v e lo p m e n ta l  s t a g e s  from  F e h r  e t  a l .  ( 1 9 7 1 ) .
2 /  T o t a l  D e n s i ty  (D) = The sum o f  a l l  t h e  s a m p lin g  d a t e s
from  7 /7  th r o u g h  9 / 2 ,  o f  t h e  num ber o f  i n d i v i d u a l s / 5 0  
s w e ep s .
.3 / % ELISA P o s i t i v e  (E ) = The p e r c e n t  o f  a  p r e d a t o r  pop u ­
l a t i o n  g iv i n g  a  p o s i t i v e  r e s p o n s e  i n  t h e  ELISA.
4 /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  i n c lu d e s  b o th  D a n d  E
f a c t o r s  i n  th e  f o l l o w i n g  r e l a t i o n s h i p :
*100
T h is  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  c o n t r i b u t e d  t o  th e  
p r e d a t o r  com p lex  o v e r  t h e  e n t i r e  s e a s o n .
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ic i& e s  w ere  a p p l i e d  p r i o r  t o  8 /2 6 ,  t h e  SGSB p o p u la t i o n  
r e a c h e d  a n  econom ic  t h r e s h o l d  w h ich  r e q u i r e d  t r e a tm e n t .
The b i o t i c  p o t e n t i a l  o f  t h e  SGSB w hen an  a d e q u a te  fo o d  
s u p p ly  i s  a v a i l a b l e  was g r e a t e r  t h a n  th e  p r e s s u r e  a p p l i e d  t o  
t h e  p o p u la t i o n  by  th e  n a t u r a l  c o n t r o l  a g e n t s .  An i n d i c a t i o n  
o f  w hat com ponen t o f  th e  e n v iro n m e n t m ig h t c o n t r i b u t e  th e  
m ost i n  l i m i t i n g  SGSB p o p u la t i o n s  was o b s e rv e d  i n  th e  s u r ­
v i v a l  r a t e  o f  th e  1 9 7 6 -7 7  o v e r w in t e r in g  SGSB p o p u la t i o n .
P i t t s  (1 9 7 7 )  show ed t h a t  s u r v i v a l ,  w h ich  h ad  a  maximum o f  
87*5% i n  th e  w in t e r  o f  1 9 7 5 -7 6 , was d r a m a t i c a l l y  re d u c e d  t o  
a  maximum t o  6 .2 5 $  i n  1 9 7 6 -7 7 . The o n ly  s i g n i f i c a n t  f a c t o r  
was th e  lo w e r  a v e ra g e  te m p e r a tu r e  d u r in g  th e  1 9 7 6 -7 7  w in t e r  
m o n th s . The e f f e c t s  o f  t h i s  w ere  s e e n  th r o u g h o u t  th e  s t a t e  
w h ich  r e q u i r e d  t h e  u s e  o f  t h e  a r t i f i c i a l  p o p u la t io n s  o f  SGSB 
i n  f i e l d  e x p e r im e n ts  i n  1 9 7 7 . K i r i t a n i  e t  a l .  (19 6 6 ) a l s o  
r e p o r t e d  s i m i l a r  f i n d i n g s  i n  J a p a n .
W ith  t h e  a b u n d a n t fo o d  p r o v id e d  by  s o y b e a n  an d  th e  num ber
o f  SGSB t h a t  o v e r w in t e r  s u c c e s s f u l l y  i n  L o u i s i a n a  d u r in g
m ost y e a r s ,  i t  a p p e a r s  t h a t  t h e  p r e d a t o r  com p lex  i s  u n a b le  
t o  p r e v e n t  p o p u la t i o n s  fro m  b u i l d i n g  up  t o  t h e  p o i n t  t h a t
econom ic  i n j u r y  l e v e l s  w i l l  b e  e x c e e d e d  on  a  s u b s t a n t i a l  p a r t
o f  th e  s o y b e a n  a c r e a g e  e a c h  y e a r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
REFERENCES CITED
B l i c k e n s t a f f , C. C .,  an d  J .  L . H uggans. 1962 .^  S oybean
i n s e c t s  an d  r e l a t e d  a r th r o p o d s  i n  M is s o u r i .  R es . B u l l .  
8 0 3 , U n iv . M is s o u r i  A g r ic .  E x p . S tn .  50 p p .
D e m p s te r , J .  P . i 9 6 0 . A q u a n t i t a t i v e  s tu d y  o f  th e  p r e d a t o r s  
on th e  eg g s  an d  l a r v a e  o f  t h e  broom  b e e t l e ,  P h y to d e c ta  
o l i v a c e a  F o r s t e r ,  u s in g  th e  p r e c i p i t i n  t e s t .  J .  Anim. 
E c o l .  2 9 : 1 4 8 -6 7 .
D uncan , R. G .,  an d  J .  R . W a lk e r . 19 6 8 . Some e f f e c t s  o f  t h e  
s o u th e r n  g r e e n  s t i n k  bu g  on so y b ean s .-  L o u is ia n a  A g r ic .
1 2 : 10- 1 1 .
F e h r ,  W. R .,  C. E . C a v in e s s ,> D . T . Burm ood, and  J .  S . P e n n in g ­
to n .  1 9 7 1 . S ta g e  o f  d e v e lo p m e n t d e s c r i p t i o n s  f o r  s o y ­
b e a n s ,  G ly c in e  max ( L . )  M e r r i l l .  C rop S c i .  1 1 : 929-31*
G re e n s to n e ,  M. H. 1977 . A p a s s iv e  h a e m a g g lu t in a t io n  i n h i b i ­
t i o n  a s s a y  f o r  th e  i d e n t i f i c a t i o n  o f  s to m ach  c o n t e n ts  o f  
i n v e r t e b r a t e  p r e d a t o r s .  J .  A p p l. E c o l .  1 4 : 4 5 7 -6 4 .
J e n s e n ,  R. L . , a n d  L . D. Newsom. 197 2 . E f f e c t  o f  s t i n k  bug
dam aged s o y b ean  s e e d  on g e r m in a t io n ,  e m erg en ce , an d  y i e l d .  
J .  E con . E n to m o l. 65 : 2 6 1 -4 .
K i r i t a n i ,  K. N. H okyo, an d  K. K im u ra . 1967* The s tu d y  o f  t h e  
r e g u l a t o r  sy s te m  o f  t h e  p o p u la t i o n  o f  th e  s o u th e r n  g r e e n  
s t i n k  b u g , N e z a ra  v i r i d u l a  ( L .)  ( H e te r o p t e r a :  P e n ta -  
to m id a e ) . .u n d e r s e m i - n a tu r a l  c o n d i t i o n s .  J .  A p p l. E n to m o l. 
Z o o l .  2 :  3 9 -5 0 .
Newsom, L. D. 1979* B o le  o f  p e s t i c i d e s  i n  p e s t  m anagem ent 
s y s te m s . I n  T. J .  S h e e t s  an d  D. P im e n ta l ,  e d s .  P e s t i -  
s i d e s :  T h e i r  c o n te m p o ra ry  r o l e s  i n  a g r i c u l t u r e ,  h e a l t h  
an d  th e  e n v iro n m e n t .  The Human P r e s s ,  C l i f r o n ,  New 
J e r s e y .
P i t t s ,  J .  R. 197 7 . E f f e c t  o f  te m p e r a tu r e  an d  p h o to p e r io d
on N e z a ra  v i r i d u l a  ( L . ) .  M .S. T h e s i s .  L o u is ia n a  S t a t e  
U n iv . ,  B a to n  R ouge, L o u i s i a n a .  89 p p .
R a g s d a le ,  D. W. 198 0 . The d e v e lo p m e n t a n d  u s e  o f  a n  enzyme 
l i n k e d  im m unoso rben t a s s a y  (ELISA) f o r  th e  q u a n t i t a t i v e  
a s s e s s m e n t  o f  p r e d a t i o n  o f  N e z a ra  v i r i d u l a  ( L .)  w i th i n  
a  so y b e a n  a g ro e c o s y s te m . P h .D . D i s s e r t a t i o n .  L o u i s i a n a  
S t a t e  U n iv . ,  B a to n  R ouge, L o u i s i a n a .  p p .
S h e p a rd ,  M ., G. R. C a m e r ,  a n d  S .  G. T u rn ip s e e d .  1 9 7 4 .
47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
S e a s o n a l  a b u n d a n ce  o f  p re d a c e o u s  a r th r o p o d s  i n  s o y b e a n s . 
J .  E n v i r o n .  E n to m o l. 3 : 985 - 8 .
S tam , P .  A. 1 9 7 8 . R e l a t i o n  o f  p r e d a t o r s  t o  p o p u la t io n  dynam­
i c s  o f  N e z a ra  v i r i d u l a  ( L .)  i n  a  so y b e a n  a g ro e c o sy s te m . 
P h .D . D i s s e r t a t i o n .  L o u i s i a n a  S t a t e  U n iv . ,  B a to n  R ouge, 
L o u i s i a n a .  219 p p .
Thom as, G. D . , C. M. I g n o f f o ,  C, E . M organ , an d  W. A. D ick ­
e r s o n .  197 4 . S o u th e r n  g r e e n  s t i n k  b u g : I n f lu e n c e  on 
y i e l d  and  q u a l i t y  o f  s o y b e a n s . J .  E c o n . E n to m o l. 67: 
5 0 1 -3 .
T odd, J .  W ., M. D. J e l l u m ,  an d  D. B . L e u ck . 1973- E f f e c t s  
o f  s o u th e r n  g r e e n  s t i n k  bug  dam age on  f a t t y  a c id  com­
p o s i t i o n  o f  so y b e a n  o i l .  E n v i ro n .  E n to m o l. 2 : 685-9*
T u m ip s e e d ,  S . G. 1 9 7 2 . M anagem ent o f  i n s e c t  p e s t s  o f  so y ­
b e a n s .  P r o c .  T a l l  T im b e rs . C o n f. E c o l .  Anim. C o n tr o l .  
M anag. 4 : 1 8 9 -2 0 3 .
T u m ip s e e d ,  S . G. , a n d  M. K ogan. 1 9 7 6 . S o ybean  E n to m o lo g y . 
Ann. R ev . E n to m o l. 2 1 : 2 4 7 -8 2 .
W hitcom b, W. H . ,  an d  K. B e l l .  1 9 6 4 . P re d a c e o u s  i n s e c t s ,
s p id e r s  an d  m i te s  o f  A rk a n s a s  c o t t o n  f i e l d s .  A rk . A g r ic .  
E xp . S tn .  B u l l .  690 : 1 -8 4 .
W uensche, A. L . 197 6 . R e l a t i v e  ab u n d a n ce  o f  s e v e n  p e s t s  
s p e c i e s  an d  t h r e e  p re d a c e o u s  g e n e ra  i n  t h r e e  so y b ean  
e c o sy s te m s  i n  L o u i s i a n a .  M .S. T h e s i s .  L o u i s i a n a  S t a t e  
U n iv . ,  B a to n  R ouge, L o u i s i a n a .  384  p p .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX
2*9










vo vO VO vO VO
VN vO
-3- H  H  CM CM CM
\  \  \  \  \  \
CO 00 OO CO CO ON
n  4- vo




















































































T a b le  1 . ( c o n t in u e d )
Sam ple
Number
R e d u v io lu s
r o s e ip e n n i s
H o p l i s t o s c e l i s
s o r d id u s
H o p l i s t o s c e l i s
d e c e p t iv u s
R e d u v io lu s
a l t e r n a t u s
T ro p ic o n a b is  
c a p s i f o rm is
1 1 .0 0 0 . 1 3 0 .1 3 0 .0 7
2 1 .1 5 0 .2 5
3 1 .0 0 0 .0 7 0 . 0 ?
4 0 .1 5 0 .0 2 0 .0 7
5 0 .2 5 0 .0 5 0 .0 5 0 .1 0
6 0 .0 7 0 .0 7
7
8 0 .0 7 0 .0 3
9 0 .1 0
10 0 .1 3
11 0 .4 0 0 .1 0
12 0 .1 3 0 . 0 3
13 0 .1 0 0 .0 5
14 0 .1 0 0 .0 3 0 .0 3
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T a b le  1 . ( c o n t in u e d )
1 /  E ach  sam p le  c o n s i s t e d  o f  50 sw eeps o f  a  38 cm d ia m e te r  sw eep n e t .  
2 /  D e v e lo p m e n ta l s t a g e s  a r e  th o s e  o f  F e h r  e t  a l .  (1 9 7 1 ) .
3 /  F i e l d  was t r e a t e d  w i th  m e th y l p a r a t h i o n  a t  |  l b  a i / a c r e .
59
T a b le  2 . The num ber o f  e a c h  p r e d a t o r  s p e c i e s  t e s t e d  f o r  
eg g  and  nym phal p r e d a t i o n  b y  th e  ELISA. 
E r w i n v i l l e ,  LA, 1978 .
P r e d a t o r  S p e c ie s
No. o f  I n d i v i d u a l s  
T e s te d  f o r  
P r e d a t io n  on 
Eggs Nymphs
ARANEAE
A ra n e id a e
A c a n th e p ie r a  s t e l l a t a  (M arx) 0 7
N eoscona a r a b e s c a  (W alc k e n a e r) 0 18
L y c o s id a e
L y c o sa  s p p . 0 6
P a r d o s a  s p p . 0 59
O xyopidae
O xyopes s a l t i c u s  H en tz 0 496
S a l t i c i d a e
P h id ip p u s  au d ax  (H e n tz ) 0 30
COLEOPTERA
C a ra b id a e
C a l l i d a  d e c o ra  ( F a b r i c iu s ) 25 15
L e b ia  a n a l i s  D e.iean 180 152
C o c c in e l l i d a e
C o le o m e s i l la  m a c u la ta  l e n s i
T im b e r la k e 111 87
C y c lo n e d a  munda (S ay ) 1 0
C y c lo n e d a  s a n g u in e a  ( L . ) 148 96
Diomus te r m in a tu s  S ay 9 4
Scymnus lo e w i i  M u lsa n t 10 5
C o c c in e l l i d a e  l a r v a e 152 142
HEMIPTERA
A n th o c o r id a e
O r iu s  i n s i d i o s u s 80 64
L y g a e id a e
G e o c o r is  p u n c t ip e s  (S ay ) 539 473
G e o c o r is  u l i g i n o s u s  (S ay ) 13 7
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T ab le 2 . (c o n t in u e d )
P r e d a t o r  S p e c ie s
No. o f  I n d iv i d u a l s  
T e s t e d  f o r  
P r e d a t io n  on
E ggs Nymphs
HEMIPTERA ( c a n t . )
N ab id a e
H o p l i s t o s c e l i s  d e c e p t iv u s  ( H a r r i s ) 3 1
H o p l i s t o s c e l i s  s o r d id u s  ( B e u te r ) 3 1
B e d u v io lu s  r o s e ip e n n i s  ( R e u te r ) 23 16
T r o p ic o n a b is  c a p s i f o rm is  (G erm ar) ,5 1
N ab id a e  nymphs . 4 l 7
P e n ta to m id a e
P o d is u s  m a c u l i v e n t r i s  (S ay ) 109 92
R e d u v i id a e
S in e a  s p in ip e s  ( P a b r i c i u s ) 5 4
HYMENOPTERA
P o rm ic id a e
S o le n o p s i s  i n v i c t a  B u ren 51 8
NEUROPTERA
C h ry s o p id a e
•C h ry so p a  l a r v a e 27 21
ORTHOPTERA
G r y l l i d a e
O eca n th u s  c e l e r i n i c t u s  W a lk e r 44 41
T e t t i g o n i i d a e
C o n o c e p h a lu s  f a s c i a t u s
f a s c i a t u s  (D eG eer) 49 27
S c u d d e r i a  f u r c a t a  f u r c a t a  B ru n n e r 20 14
TOTAL 1648 1807
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T a b le  3 . E gg  p r e d a t i o n  m e a su re d  o v e r  th e  e n t i r e  s e a s o n  
fro m  p l a n t  d e v e lo p m e n t s t a g e s  V- 6  th r o u g h  R- 8  
____________ on D are  s o y b e a n , E r w i n v i l l e ,  LA, 1 9 7 8 ._________
P r e d a t o r  T o t a l  1 /  
S p e c ie s  D e n s i ty
% ELISA 2 /  
P o s i t i v e
P r e d a t o r  3 /  
E f f i c i e n c y
G e o c o r is
p u n c t ip e s 2 5 .8 5 2 0 .5 9 2 3 .1 2
O riu s
i n s i d i o s u s 1 6 .6 8 2 2 .5 0 1 6 .3 0
C y c lo n e d a
s a n g u in e a 7 .8 3 3 8 .5 1 1 3 .1 0
C o c c in e l l i d a e
l a r v a e 7 . 6 8 3 1 .5 8 1 0 .5 3
C o le o m e g i l la
m a c u la ta
l e n g i 5 .0 3 4 6 .8 5 1 0 .2 3
P o d is u s
m a c u l i v e n t r i s 5 . 2 6 4 1 .2 8 9 .4 3
S o le n o p s is
i n v i c t a 2 . 8 6 2 9 .4 1 3 .6 5
R e d u v io lu s
r o s e ip e n n i s 1 .5 7 4 3 .4 8 2 .9 6
L e b ia  a n a l i s 8 . 9 0 5 . 5  6 2 .1 5
G e o c o r is
u l i g i n o s u s 1 .3 3 2 3 .O8 1 .3 3
N ab id ae
nymph 1 .9 6 1 4 .6 3 1 .2 5
O ecan th u s
c e l e r i n i c t u s 2 . 1 0 1 3 .6 4 1 .2 4
Diomus
te r m in a tu s 0 .4 8 5 5 .5 6 1 . 1 6
S e u d d e r ia
f u r c a t a 0 .8 7 2 5 .0 0 0 .9 4
S in e a
s p in ip e s 0 .3 5 6 0 .0 0 0 .9 1
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T ab le 3 . (co n tin u e d )
P r e d a t o r
S p e c ie s
T o ta l
D e n s i ty
% ELISA 
P o s i t i v e
P r e d a t o r
E f f i c i e n c y
T r o p ic o n a b is
c a p s i f o r m is 0 .5 9 2 0 .0 0 0 .5 9
C o n o ce p h a lu s
f a s c i a t u s 3 .2 4 4 .0 8 0 .5 7
G a l l i d a
d e c o ra 1 .6 4 4 .0 0 0 .2 8
Scymnus
lo e w i i 0 .5 5 1 0 .0 0 0 .2 4
1 /  T o t a l  D e n s i ty  (D) = The sum o f  a l l  th e  sa m p lin g  d a t e s
o f  6 /2 2  th ro u g h  9 /2 ,  o f  t h e  No. o f  i n d i v i d u a l s / 5 0  sw e ep s .
2 /  % ELISA P o s i t i v e  (E) = The % o f  t h e  s p e c i e s  g iv i n g  a
p o s i t i v e  r e s p o n s e  i n  t h e  ELISA.
2 /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  in c lu d e s  b o th  th e  D 
and  E f a c t o r s  i n  t h e  fo l l o w in g  r e l a t i o n s h i p :
PE = —^  *deT^ — X 100
T h is  y i e l d s  th e  p e r c e n t  e a c h  s p e c i e s  c o n t r i b u t e d  t o  th e  
p r e d a t o r  com plex  o v e r  t h e  e n t i r e  s e a s o n .











T a b le  4 .  Egg p r e d a t i o n  m e a su re d  d u r in g  th e  e a r l y  p a r t  o f  t h e  s e a s o n  from  p l a n t  d e v e lo p -  
____________m e n ta l  s ta g e s  V- 6  th ro u g h  R -4  on D are  so y b e a n . E r w i n v i l l e ,  LA, 1 9 7 8 /___________
P r e d a t o r
S p e c ie s
T o t a l  1 /  
D e n s i ty  (D)
% ELISA 2 /  
P o s i t i v e  (E)
P r e d a t o r  2 /  
E f f i c i e n c y  (PE)
.-
% o f  . th e . 'E n t i r e  
S e a s o n 1s P r e d a t io n  
O c c u r r in g  from  6 /2 2 - 7 /1 4
O riu s
i n s i d i o s u s 1 6 .0 1 8 .0 0 2 3 .3 0 3 4 .1 3
S o le n o p s is
i n v i c t a 2 .5 9 3 5 .7 0 1 6 .8 2 1 0 0 .0 0
C y c lo n ed a
s a n g u in e a 3 .8 1 2 3 . 2 0 1 6 .0 7 2 9 .3 0
P o d is u s
m a c u liv e n fc r is 1 .9 5 3 4 .4 0 1 2 .2 0 3 0 .8 8
C o le o m e g i l la  
m a c u la ta  l e n g i 1 . 2 6 3 0 .0 0 6 . 8 8 1 6 .0 4
G e o c o r is
p u n c t ip e s 2 .0 1 1 5 . 6 0 5 .7 1 5 .9 0
N ab id a e  nymphs 1 .4 1 1 4 .8 0 3 .8 0 7 2 .9 0
L e b ia  a n a l i s 2 .3 9 7 .3 0 3 .1 7 3 5 .2 7
C o c c in e l l i d a e
l a r v a e 2 .2 5 6 . 9 0 2 . 8 3 6 .4 0
G e o c o r is











T a b le  4 .  ( c o n t in u e d )
P r e d a t o r
S p e c ie s
T o t a l  1 /  
D e n s i ty  (D)
% ELISA 2 /  
P o s i t i v e  (E)
P r e d a t o r  2 /  
E f f i c i e n c y  (PE)
% o f  th e  E n t i r e  
S e a s o n 's  P r e d a t io n  
O c c u r r in g  from  6 /2 2 - 7 /1 4
S c u d d e r ia
f u r c a t a 0 .4 5 2 8 .6 0 2 .3 4 5 9 .1 3
R e d u v io lu s
r o s e ip e n n i s 0 .5 4 1 6 .6 7 1 .6 4 1 3 .1 8
C o n o ce p h a lu s
f a s c i a t u s 1 .3 8 5 .5 6 1 .4 0 5 8 .0 2
Diomus
te r m in a tu s 0 .2 8 2 0 .0 0 1 .0 2 2 1 .0 0
T ro p ic o n a b is
c a p s i f o rm is 0 . 0 7 1 4 .2 9 0 .1 8 7 .3 5
1 /  T o t a l  D e n s i ty  (D) *  The sum o f  a l l  th e  s a m p lin g  d a t e s  o f  6 /2 2  th ro u g h  7 / l 4 ,  o f  th e  
num ber o f  i n d i v i d u a l s / 5 0  sw e ep s .
2 /  % ELISA P o s i t i v e  (E) = The % o f  t h e  s p e c i e s  g iv i n g  a  p o s i t i v e  r e s p o n s e  i n  th e  ELISA.
3 /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  i n c lu d e s  b o th  t h e  D a n d  E f a c t o r s  i n  th e  f o l l o w in g  
r e l a t i o n s h i p :
?E = ' s : '(deSE> x 100
T h is  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  c o n t r i b u t e d  t o  t h e  p r e d a t o r  com plex  o v e r  th e  




T a b le  5. Nymphal p r e d a t io n  m e a s u re d  d u r in g  th e  p l a n t  
d e v e lo p m e n ta l s t a g e s  R -3  th ro u g h  R- 8  on  D are  
s o y b e a n s , E r w i n v i l l e ,  LA, 1978 .
P r e d a t o r T o ta l % ELISA P r e d a t o r
S p e c ie s D e n s i ty  1 / P o s i t i v e  2 / E f f i c i e n c y  J j
O xyopes
s a l t i c u s 3 4 .9 9 1 2 .1 0 3 3 .7 0
G e o c o r is
p u n c t ip e s 2 4 .5 7 1 0 .1 5 1 9 .8 5
P o d is u s
m a c u l i v e n t r i s 3 .8 1 4 0 .2 2 1 2 . 2 0
C y c lo n e d a
s a n g u in e a 4 .5 9 2 2 .9 2 8 .3 7
C o le o m e g i l la  
m a c u la ta  l e n g i 4 .0 7 1 8 .3 9 5 .9 6
R e d u v io lu s
r o s e ip e n n i s 1 . 1 0 5 0 . 0 0 4 .3 8
P h id ip p u s
au d ax 1 .1 4 4 6 .6 7 4 .2 3
C o c c in e l l i d a e
l a r v a e 6 .2 6 7 .0 4 3 .5 1
N eoscona
a r a b e s c a 1 . 2 0 3 3 .3 3 3 .1 8
L y c o sa  
s p p . ' 0 .2 3 8 3 .3 3 1 .5 3
S in e a
s p in ip e s 0 .2 8 5 0 . 0 0 1 . 1 1
A c a n th e p ie r a
s t e l l a t a 0 .6 0 1 4 .1 8 0 . 6 8
S c u d d e r ia
f u r c a t a 0 .4 5 1 4 .2 9 0 .5 1
H o p l i s t o s c e l i s
d e c e p t iv u s 0 . 0  5 1 0 0 . 0 0 0 .4 0
O riu s
i n s i d i o s u s 3 .1 3 1 .5 6 0 .3 9
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T ab le  5» (c o n t in u e d )
1 /  T o t a l  D e n s i ty  (D) = The sum o f  a l l  t h e  sa m p lin g  d a t e s  o f  
6 /2 2  th ro u g h  9 / 2 ,  o f  t h e  No. o f  i n d i v i d u a l s / 5 0  sw e ep s .
2 /  % ELISA P o s i t i v e  (E ) = The % o f  t h e  s p e c i e s  g iv i n g  a
p o s i t i v e  r e s p o n s e  i n  t h e  ELISA.
3 /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  i n c lu d e s  b o th  D an d  E 
f a c t o r s  i n  t h e  f o l l o w in g  r e l a t i o n s h i p :
PE = x 100
T h is  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  c o n t r ib u t e d  t o  t h e  
p r e d a t o r  com plex  o v e r  t h e  e n t i r e  s e a s o n .











T a b le  6 . P e r c e n t  o f  v a r io u s  p r e d a t o r  p o p u la t io n s  g iv i n g  a  p o s i t i v e  ELISA re s p o n s e  when 
m e a s u r in g  p r e d a t io n  o f  N. v i r i d u l a  e g g s . E r w i n v i l l e ,  LA 6 /2 2  -  8 /2 6 ,  1978 .
P r e d a t o r Sanrple D ate
S p e c ie s 6 /22 6 /2 9 7 /7 7 /1 2 7 /1 4 I f 21 7728 8 /4 8 /1 0 8/ l 6 8 /2 0  8 /2 6
P o d is u s
m a c u l i v e n t r i s 4 0 .0 3 3 .3 5 2 .3 1 0 0 .0 7 5 .0 2 5 . 0 2 3 .5 1 4 .3 3 1 . 0
R e d u v io lu s
r o s e ip e n n i s 5 0 .0 3 3 -3 1 0 0 .0 5 0 . 0 6 7 .7
T ro p ic o n a b is  
c a p s i f o rm ! s 1 0 0 . 0
G e o c o r is
p u n c t ip e s 5 0 .0 1 0 . 0 1 1 .1 4 6 .2 8 2 . 8 3 0 .4 1 0 .3 1 8 .2  1 6 . 7
C y c lo n e d a  
s a n g u m e a 2 0 . 0 8 .3 1 2 .5 6 .7 6 4 .7 8 5 .7 7 5 .0 8 7 .5 4 0 .0 5 0 .0 2 9 .4
Diomus
te r m in a tu s 1 0 0 .0 1 0 0 .0
Scymnus
l o e w i i 1 0 0 .0
L e b ia  
a n a l i s 1 7 .6 1 1 . 1 3 .2 2 . 8
C a l id a
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T a b le  7. E f f i c i e n c y  o f  v a r io u s  p r e d a t o r s  o f  N. v i r i d u l a  eg g s  th ro u g h o u t  t h e  g ro w in g  
s e a s o n . E r w i n v i l l e ,  LA 6 /2 2  -  8 /2 ^ .  1 /
P r e d a t o r
S p e c ie s 6 /2 2 6 /2 9 7 /7 7 /1 2 7 / l 4
Sam ple D a te  
7 /2 1  7 /2 8 8 /4 8 /1 0 8 /1 6 8 /2 0  8 /2 6
P o d is u s
m a c u l i v e n t r i s 1 7 . 6 6 . 6 1 6 .9 1 2 . 0 1 0 .5 3 .1 1 3 . 8 .2 .9 1 4 .8
R e d u v io lu s
r o s e ip e n n i s 2 .3 1 . 1 3 -9 4 .9 1 . 8
T r o p ic o n a b is
c a p s i f o rm is 1 .9
G e o c o r is
p u n c t ip e s 1 6 .1 •8 . 1 2 .4 1 3 .4 3 1 .9 4 1 .7 2 8 .6 2 9 .7 5 6 . 0  1 0 0 .0
G e o c o r is
u l i g i n o s u s 3 .9 2 .5
C y c lo n e d a
s a n g u in e a 9 .9 9 .9 1 1 .2 5 3 .1 2 3 . 8 1 3 .5 6 .7 1 7 .2 1 7 .6 2 1 .4 1 6 .5
Dioraus
te r m in a tu s 5 .0 3 .9
Scymnus
lo e w i i 0 .9
L e b ia  















T able ? . (co n tin u ed )
1 /  E f f ic ie n c y  i s  based  on th e  fo llo w in g  r e l a t i o n s h i p  w hich in c lu d e s  b o th  d e n s i ty  and 
th e  p e rc e n t o f th e  p o p u la tio n  g iv in g  a p o s i t i v e  ELISA re sp o n se :
E f f ic ie n c y  = (D en s ity  in  NO./50 Sweeps) X (% ELISA p o s i t i v e )  inn
YZ (D en s ity  X % ELISA p o s i t i v e )  K ±uu
T h is y ie ld s  th e  p e rc e n t each  s p e c ie s  c o n tr ib u te d  to  th e  p re d a to r  complex a t  a  











T a b le  8 . P e r c e n t  o f  v a r io u s  p r e d a t o r  p o p u la t i o n s  g iv i n g  a  p o s i t i v e  ELISA r e s p o n s e  when 
m e a s u r in g  p r e d a t i o n  o f  N. v i r i d u l a  nym phs. E r w i n v i l l e ,  LA 7 /7  -  8 /2 6 ,  1978 .
Predator Sample Date
Species 7 /7  7 /1 2 7 /1 4 7 /2 1 7 /2 8 8 /4 8 /1 0 8/16 8 /2 0 8 /2  6
Podisus
maculiventrls 2 2 .2 8 .3 1 2 .5 2 5 . 0 1 0 0 .0 8 5 .7 3 1 .0
Reduviolus
roseipennis 1 0 0 . 0 2 5 . 0 7 5 .0 3 3 .3
Geocoris
punctipes 1 7 .2 1 6 . 1 1 9 .1 1 . 2 7 .6 8 .3
Cycloneda




maculata lengi 1 1 .1 1 3 .3 5 .9 1 0 .0 1 2 .5 1 0 0 .0 2 0 . 6
Scudderia
furcata 3 3 .3
Coccinellidae
larvae 9 .5 1 3 .3 1 0 .0 1 2 .5
Oxyopes
salticus 6 .7  3 .4 2 1 .7 6 .7 8 .3 2 3 .1 2 5 .4 1 1 . 8 2 0 . 0 1 8 .2
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T a b le  9 . E f f i c i e n c y  o f  v a r io u s  p r e d a t o r s  o f  N. v i r i d u l a  nymphs th r o u g h o u t  th e  g ro w in g  
s e a s o n .  E r w i n v i l l e ,  LA 7 /7  -  - 8 /2 6 ,  1978 . 1 /
P r e d a t o r _ Sam ple D a te
S p e c ie s  7 /7  7 /1 2 7 /1 4 7 /2 1 7 /2 8 8 /4 8 /1 0 8 /1 6 8 / 2 0  8 /2 6
P o d is u s
m a c u l i v e n t r i s 7 .7 3 .0 6 .4 5 .5 2 3 .4 2 7 .7 16 .7
R e d u v io lu s
r o s e ip e n n i s 1 0 . 1 3 .5 1 3 .3 3 .1
G e o c o r is
p u n c t ip e s 2 4 .3 3 9 .9 2 9 . 8 5 .4 2 5 .6  6 1 .7
C y c lo n ed a
s a n g u in e a 2 .3 1 1 . 0 1 6 .3 4 .4 1 7 .5 1 3 .1
O riu s
in s i d i o s u s 3 .6
C o le o m e g i l la  
m a c u la ta  l e n g i 2 .3 6 . 8 6 . 8 4 .4 9 .0 2 7 .7 7 .9
S c u d d e r ia  
f u r c a t a 7 .7
C o c c in e l l id a e
l a r v a e 2 3 .7 1 3 .0 4 .9 1 . 2
O xyopes











T a b le  9 . ( c o n t in u e d )
P r e d a t o r
Sam ple D a te
S p e c ie s 7 /7  7 /1 2 7 /1 4 7 /2 1 7 /2 8 8 /4 8 /1 0  8 /1 6 8 /2 0 8 /2 6
P h id ip p u s
audax 1 7 .5 8 . 6 1 .5 1 1 .8 1 4 .8
A c a n th e p ie r a
s t e l l a t a 1 . 2
N eoscona
a r a b e s c a 1 . 1  1 1 . 1 3 .8
L y c o sa  sp p . 2 . 1 3 .1 5 .6
1 /  E f f i c i e n c y  i s  b a s e d  on th e  f o l l o w in g  r e l a t i o n s h i p  w h ich  in c lu d e s  b o th  d e n s i t y  an d  th e  
p e r c e n t  o f  th e  p o p u la t io n  g iv i n g  a  p o s i t i v e  ELISA r e s p o n s e :
E f f i c i e n c y  = ( D e n s i ty  i n  N o ./5 0  sw eep s) X ($  ELISA p o s i t i v e )  v  -1 no 
Z ( D e n s i t y  X % ELISA p o s i t i v e )
T h is  y i e l d s  th e  p e r c e n t  e a c h  s p e c i e s  c o n t r i b u t e d  t o  t h e  p r e d a t o r  com plex  a t  a  p a r t i c u l a r  











T a b le  10 . I n s e c t  p o p u la t i o n  d a t a  on s o y b e a n  a t  E r w i n v i l l e ,  LA, 1977 . 1 /
No. S am ples —f
N o ./5 0  Sweeos
Sam ple ................N ez .a ra ..y irid u la ..._
Number D ate p e r  T re a tm e n t A d u lt 5 th  4 th  3 rd 2nd
1 6 /2  5 20
2 7 /8 20
3 7 /1 8 20
4 7 /2 8 20
5 8 /8 20
1 /  S am ples ta k e n  a t  K is n n e r  fa rm  E r w i n v i l l e ,  LA, 1977 ,












T a b le  10 . ( c o n t in u e d )
N o ./5 0  Sweeps
S am ple
Number
E u s c h i s tu s
s e rv u s
E u s c h i s tu s
t r i s t i g m u s
A c ro s te rn u m
h i l a r e
P o d is u s
m a c u l i v e n t r i s
R e d u v io lu s
r o s e ip e n n i s
1 0 .1 0 0 .2 0 0 .2 5
2 0 .1 0 0 A 5 0 .0 5
3 0 .0  5 0 .0 5
4 0 .0 5 0 .0 5
5 0 .0 5 0 .2 0 0 .0  5
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T a b le  11 . I n s e c t  p o p u la t i o n  d a t a  on H i l l so y b e a n , B u rd en  P l a n t a t i o n , 1977 . 1 /
S am ple
Number D a te  p e r T re a tm e n t
N o ./5 0  Sweeps 
N e z a ra  v i r i d u l a
A d u lt 5 th 4 th 3 rd 2nd
1 7 /2 8 5 0 .7 7 0 .0 8
2 8 /1 15 1 .8 0 0 .3 3 0 .5 3 0 .5 3 0 .4 0
3 8 /3 20 0 .8 0 0 .3 5 0.4-5 1 .4 0 0 .2 0
4 8 /9 20 1 .1 5 1 .5 5 5 .0 5 3 .3 0 3 .2 0
5 8 /1 1 20 0 .7 0 1 .7 0 5 .2 0 3 .9 1 0 .4 0
6 8 /1 8 20 1 .5 5 6 .2 0 7 .3 0 4 .0 0 1 .3 5
1/ Samples taken at Burden Plantation Experimental Farm Baton Rouge, LA where a two
~ acre test for various breeding lines were being screened for resistance to feeding
of N. viridula. Only the variety Hill soybeans were sampled for predators. Plots
were artificially infested throughout the season with adult N. viridula which had 
their wings clipped to prevent movement.
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T a b le  1 2 . The num ber o f  e a c h  p r e d a t o r  s p e c i e s  t e s t e d  f o r  
eg g  an d  nym phal p r e d a t i o n  w i th  t h e  ELISA.
B u rd en  P l a n t a t i o n ,  B a to n  R ouge, LA, 1977 .
P r e d a t o r  S p e c ie s
No. o f  I n d i v i d u a l s  
T e s t e d  f o r  
P r e d a t io n  o f  
E ggs Nymphs
HEMIPTERA
P e n ta to m id a e
P o d is u s  m a c u l i v e n t r i s  (S ay ) 3 2
N ab id a e
R e d u v io lu s  r o s e ip e n n i s  (R e u te r ) 30 20
T r o p ic o n a b is  c a p s i f o r m is  (G erm ar) 1 0
L y g a e id a e
G e o c o r is  p u n c t ip e s  (S ay ) 142 118
G e o c o r is  u l i g i n o s u s  (S ay ) 11 8
R e d u v i id a e
S in e a  s p in ip e s  ( F a b r i c i u s ) 17 10
A n th o c o r id a e
O r iu s  i n s i d i o s u s  (S ay ) 21 14
COLEOPTERA
C o c e in e l l i d a e
C y c lo n e d a  s a n g u in e a  ( L . ) 8 2
Diomus t e r m in a tu s  S ay 5 2
TOTAL 238 176
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T a b le  1 3 . Egg p r e d a t i o n  m e a su re d  d u r in g  th e  p l a n t  d e v e lo p ­
m e n ta l s t a g e s  R -5  th ro u g h  R- 8  on H i l l  s o y b e a n s . 
B u rd en  P l a n t a t i o n ,  B a to n  R ouge, LA, 7 /2 8 - 8 /1 1 ,
1977 .
P r e d a t o r T o t a l  1 / % ELISA 2 / P r e d a t o r  3 /
S p e c ie s D e n s i ty P o s i t i v e E f f i c i e n c y
R e d u v io lu s
r o s e ip e n n i s 2 .^ 0 5 0 .0 0 32 .^ 8
G e o c o r is
p u n c t ip e s 7 .9 0 1 1 .9 7 2 5 .6 0
O riu s
in s i d i o s u s 2 . 5 0 2 3 . 8I 1 6 .1 1
S in e  a  
s p in ip e s 1 . 1 2 5 2 .9 ^ 1 6 .0 5
G e o c o r is
u l i g in o s u s 0 .7 2 1 8 .1 8 3 .5 ^
P o d is u s
m a c u l i v e n t r i s 0 .1 5 6 6 .6 7 2 .7 1
C y c lo n ed a
s a n g u in e a 0 .3 2 2 5 .0 0 2 .1 7
T ro p ic o n a b is
c a p s i f o r m is 0 .0 5 1 0 0 .0 0 1 .3 5
1 /  T o t a l  D e n s i ty  (D) = The sum o f  a l l  th e  s a m p lin g  d a t e s  
o f  7 /2 8  th r o u g h  8 /1 1 ,  o f  th e  No. o f  i n d i v i d u a l s / 5 0  
sw e ep s .
2 /  % ELISA P o s i t i v e  (E ) = The % o f  t h e  s p e c i e s  g iv i n g  a
p o s i t i v e  r e s p o n s e  i n  t h e  ELISA.
3 /  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  in c lu d e s  th e  D an d  E 
f a c t o r s  i n  t h e  f o l l o w i n g  r e l a t i o n s h i p :
P B -  (D ) (Xe |E ,) X 1Q 0
T h is  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  c o n t r i b u t e d  t o  th e  
p r e d a t o r  com plex  o v e r  t h e  e n t i r e  s e a s o n .
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T a b le  l t o  Nymphal p r e d a t io n  m e asu red  d u r in g  th e  p l a n t  
d e v e lo p m e n ta l s t a g e s  R -5  th r o u g h  R -7  on H i l l  
so y b e a n . B urden  P l a n t a t i o n ,  B a to n  R ouge, LA
7/ 2 8 . -  8/ 9 , 1977.
P r e d a t o r
S p e c ie s
T o t a l  1 /  
D e n s i ty
% ELISA 2 /  
P o s i t i v e
P r e d a t o r  3 /  
E f f i c i e n c y
G e o c o r is
p u n c t ip e s 6 AQ 1 5 .2 5 ^1 .9 6
R e d u v io lu s
r o s e ip e n n i s 2 .0 0 3 5 .0 0 3 0 .10
G e o c o r is
u l i g in o s u s 0 .5 7 3 7 .5 0 9 .1 9
S in e a
s p in ip e s 0 .6 7 3 0 .0 0 8 .6 ^
C y c lo n ed a
s a n g u in e a 0 .3 2 5 0 . 0 6 .8 8
P o d is u s
m a c u l i v e n t r i s 0 .1 5 5 0 .0 3 .2 2
1 /  T o t a l  D e n s i ty  (D) = The sum o f  a l l  th e  sa m p lin g  d a t e s  
7 /2 8  th ro u g h  8 /9 ,  o f  th e  No. o f  i n d i v i d u a l s / 5 0  sw eep s.
2 /  % ELISA P o s i t i v e  (E ) = The % o f  a  p r e d a t o r 's  p o p u la t io n
g iv in g  a  p o s i t i v e  r e s p o n s e  i n  t h e  ELISA.
2l/  P r e d a t o r  E f f i c i e n c y  (PE) = T h is  in c lu d e s  th e  D an d  E 
f a c t o r s  i n  th e  fo l lo w in g  r e l a t i o n s h i p :
J P . 3 x  (E ). x 100
T h is  y i e l d s  t h e  p e r c e n t  e a c h  s p e c i e s  c o n t r ib u t e d  t o  th e  
p r e d a t o r  com plex  o v e r  th e  e n t i r e  s e a s o n .
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VITA
D av id  W i l la r d  R a g s d a le  was b o rn  on November 8 , 1952 , i n  
B o is e ,  Id a h o  t o  Jam es W i l la r d  and  H e le n  C la r i c e  R a g s d a le .
He a t t e n d e d  p r im a ry  an d  s e c o n d a ry  s c h o o l  i n  E u re k a , C a l i f o r n i a
r e c e iv in g  a  h ig h  s c h o o l  d ip lo m a  i n  J u n e ,  1970 .
From S ep te m b e r , 1970 t o  J u n e ,  197^ he a t t e n d e d  P o in t  
Loma C o l le g e ,  S an  D ieg o , C a l i f o r n i a ,  w here  he  r e c e iv e d  a  
B a c h e lo r  o f  A r t s  d e g re e  i n  G e n e ra l B io lo g y . I n  J u n e ,  1975
he e n r o l l e d  i n  th e  g r a d u a te  s c h o o l  a t  L o u i s i a n a  S t a t e  U n iv e r ­
s i t y  and  was aw ard ed  th e  M a s te r  o f  S c ie n c e  d e g re e  i n  E n tom o logy  
i n  May, 1 977 . He i s  p r e s e n t l y  a  c a n d id a te  f o r  th e  D o c to r  o f  
P h ilo s o p h y  d e g re e  i n  E n to m o lo g y .
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